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LIGHT DUTY VEHICLE MODULE: . Fuel Economy-Model
ITEM CLASS. | DESCRIPTION-: .~ “*;{ UNITS -| SUBROUTINE | EQ#
{Sonrce) - T MR PP
DISCOUNT Parameter Discount rate used in payback calculation Percent
(A)
FE Variable Fuel economy of technology itc, within sevensize |, Miles per FEMCALC 3
classes Gallon
FEMPG Variable Average fuel economy by six ORNL size classes MPG FEMSIZE 38
FESIXC Variable Fuel economy for cars within six size classes MPG FEMSIZE 40
FESIXT Variable Fuel economy for light trucks within six size MPG FEMSIZE 40
classes
FUELCOST Variable Projected fuel cost Sper FEMCALC 1
’ MMBtu
FUELSAVE Variable The expected present value of fuel savings over s FEMCALC 3
- the payback period
HP Variable Horsepower HP FEMCALC 18
icl Index FEM vehicle size class index (7) — FEMSIZE —_
igp Index CAFE group index: 1 = domestic car, 2 = import — FEMSIZE —
car, 3 = domestic light truck, 4 = import light ’
truck
INCOME Variable Household income $ per year FEMCALC 198
ino Index The index identifying the technologies in the - NOTESSUPER —
superseding group
5110 Index An index indicating the superseded technology — NOTESSUPER —
ite Index The index representing the technology under — FEMCALC 3
consideration
MANDMKSH Input Data Mandatory market share Percent FEMCALC 9
(A)
MAP Input Data Array of mapping constants, which converts FEM — FEMSIZE 35
(A) to ORNL size classes
MAPSALE Variable Disaggregate vehicle sales Units FEMSIZE 35
MAPSHR Variable Sales shares within the disaggregate array Percent FEMSIZE 37
MAXSSHARE Input Data | ~The maximum market share of the group, ino Percent NOTESSUPER 25
(A)
MKTSMAX Input Data Maximum market share of technology in given Percent * NOTESSUPER 25
(A) class
MKTSPEN Variable Market share of technology in given class and year Percent FEMCALC 8
MMAX Variable The maximum market share for technology itc, Percent FEMCALC 7
obtained from MKTSMAX
N Index Time period index (1990 =1) — FEMSIZE —
num$sup Index The number of technologies in the superseding — NOTESSUPER —
group
NVS7SC Variable New vehicle sales within the seven FEM size Units TSIZE 41
classes
- National Energy Modeling Systam
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- _;':TI‘EM' s i DESCRIPTION SUBROUTINE EQ#
ORNLMPG Input Data Most recent (1992) fuel economy data from ORNL MPG FEMSIZE 39
(B)
osc Index ORNL size class index (6) — FEMSIZE —
PAYBACK Input Data The user-specified payback period Years FEMCALC 3
(A) .
PERFFACT Input Data Performance factor (multiplier for horsepower — FEMCALC 19
(A) adjustment) .
PMAX Parameter The institutional maximum market share, which Percent FEMCALC 7
A) models tooling constraints on the part of the
manufacturers
PRICE Variable Vehicle price S FEMCALC 17
PRICESEX Variable The expected price of fuel s FEMCALC 2
PSLOPE Variable The fuel cost slope . — FEMCALC 1
RATIOSLN Variable Log of the market share ratio of the considered — CMKSCALC 31
vehicle class
REGCOST Variable A factor representing regulatory pressure to $ per MPG FEMCALC 6
increase fuel economy
REQSMKT Input Data The total market share of those technologies which Percent FEMCALC 10
(A) are required for the implementation of technology
ite, indicating that technology's maximum share
SYNRSDEL Input Data The synergistic efi—';ct of two technologies on fuel — FEMCALC 13
(A) economy
TECHCOST Input Data The cost of technology irc s FEMCALC 4
(A)
TOTSMKT Variable The total market share of the considered group of Percent NOTESSUPER 27
technologies
TOTNVS7 Variable Total new vehicle sales within the six ORNL size Units FEMSIZE 36
classes .
VALSPERF Input Data The dollar value of performance of technelogy itc S FEMCALC s
(A)
VALUEPERF Variable The value associated with an incremental change s FEMCALC 5
“in performance
WEIGHT Variable The base year vehicle weight, absent the 1bs FEMCALC 4
considered technology
YEAR Index Year index (YE4R = N+1) — FEMSIZE —
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LIGHT DUTY VEHICLE MODULE Regmnai Sales: Model -

ITEM CLASS. § - - DESCRIPTION : T SUBROUT]NE EQ#
AHPCAR Variable | Average automobile horsepower HP TSIZE 49
AHPTRUCK Variable | Average light truck horsepower HP TSIZE 50
COMTSHR Data Fraction of new light trucks dedicated to Percent TSIZE 42

Input commercial freight
®B)
COSTMIR Variable | The cost of driving in region REG 3 per Mile TREG 52
DAF Paramete | A demographic adjustinent factor, to — TEXOG 55
r reflect different age groups' driving )
(&) patterns
FLTCRAT Paramete | Fraction of new cars purchased by fleets Percent TSIZE 4]
r
®)
FLTTRAT Paramete | Fraction of new light trucks purchased Percent TSIZE 42
r by fleets
(B)
GROUP Index Index indicating domestlc or imported —_ TSIZE -—
vehicles
HP Variable | Vehicle horsepower by FEM size class, HP TSIZE 47
group
HPCAR Variable | Average horsepower of new HP TSIZE 47
automobiles. by size class SC
HPTRUCK Variable | Average horsepower of new light HP TSIZE 48
trucks, by size class SC
INCOMER Variable | Regional per capita disposable income S TREG 53
LTSHRR Variable | Non-fleet market shares of light trucks, Percent TSIZE 46
by size class SC
NCS Variable | New car sales. by size class and region Units TREG 57
NCSTSCC Variable | New car sales in the modified six size Units TSIZE 43
classes. SC
NLTS Variable | New light truck sales, by size class and Units TREG 58
| region
NLTSTSCC Variable | New light truck sales in six size classes Units TSIZE 44
SC
NVS7SC Variable | New vehicle sales in the original seven Units TSIZE 43
FEM size classes
PASSHRR Variable | Non-fleet market shares of automobiles, Percent TSIZE 45
bv size class SC
1 National Energy Modeling System
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CLASS DESCRIPTION SUBROUTINE EQ#
PRFEM Data | Ratio of female to male driving rates — TVMT 54
Input
D)
RHO Paramete | Lag factor for the VMT difference — TVMT 54
r equation
© '
RSHR Variable | Regional VMT shares Percent TREG 57
SALESHR Data Fraction of vehicle sales which are Percent TSIZE 41
Input domestic/imported
(B)
' SEDSHR Variable | Regional share of the consumption of a Percent TREG 51
given fuel in period T
TMC_POP16 Variable | Total regional populanon over the age — TMAC 55
of 16
TMC_POPRAFO Variable | Total population in region REG — TMAC 33
TMC_SQDTRU Variable | Total light truck sales (supplied by the Units TMAC 42
CKSL MACRO module)
TMC_SQTRCA Variable | Total new car sales (supplied by the Units TSIZE 4]
RS - MACRO module)
TMC_YD _ Variable | Estimated disposable personal income $ TMAC 51
: by region. REG
VMTI16R Variable | Vehicle-miles raveled per popuiation — TREG 54
over 16 years of age
VMTEER Variable | Total VMT in region REG — TREG 35

National Energy Modeling System
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I LIGHT DUTY VEHICLE MODULE:. Alternative ¥uel Vehicle Model. .
SUBROUTINE EQ#
AFCOST Variable Alternative vehicle fuel price $ per MMBtu TALT3 60
APSHRI11 Variable Relative market shares of each aggregate )
. technology Percent TALT1 76
APSHR22 Variable Relative market shares of each AFV technology Percent TALT2 72
APSHR33 Variable Relative market shares of cach EV technology Percent TALT3 68
APSHR44 Variable Absolute market shares of each technology Percent TALTI 79
BETACONST Parameter Constant associated with each considered — TALT3 66
® technology IT

BETACONSTI1 Parameter Constant associated with each considered — TALT1 74
(13) technology

BETACONST2 - Parameter Constant associated with each considered AFV _ TALT2 70
® technology

BETAEM Parameter Coefficient associated with vehicle emissions — TALT3 66
(F)

BETAEM2 Parameter Coefficient associated with the square of vehicle — TALT3 66
(13 emissions

BETAFA Parameter Coefficient associated with fuel availability T TALT3 66
(13) .

BETAFA2 Parameter Coefficient associated with the square of fuel — TALT3 66
(3] availability

BETAFC Parameter Coefficient associated with fuel cost 3! TALT3 66
® :

BETAVP Parameter Cocficient associated with vehicle price )" TALT3 66
(F)

BETAVR Parameter Coefficient associated with vehicle range (Miles)™ TALT3 66
(F)

BETAVR2 Parameter Cocfficient associated with the square of vehicle (Miles)? TALT3 66
{F) range

COMAY Input Data | Commercial availability of each AFV technology _ TALT3 59
(E)

COPCOST Variable Fuel operating costs for cach AFV technology Cents per Mile TALT3 65

COPCOST!1 Variable Fuel operating costs for conventional and Cents per mile TALTI 74

alternative vehicles

COPCOST2 Variable Fuel operating costs for alternative vehicies Cents per mile TALT2 70

EMISSI " Input Data Emissions levels relative to gasoline ICE'’s — TALT1 74
(E) -

EMISS2 Input Data AFV emissions levels relative to gasoline ICE's —_ TALT2 70
(E)

EMISS3 Input Data EV cmissions levels relative to gasoline ICE's Percent TALT3 66
(E)

EVCI Variable Exponentiated value of vehicle utility vector — TALTI 75

EVCZ Variabie Exponentiated value of alternative vehicle utility — TALT2 71

vector
National Energy Modeling Systam
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EVC3 Variable Exponentiated value of clecmc vehicle utility — TALT3 67
vector
FAVAIL Input Data - Availability of each alternative fuel relative to Percent TALT3 60
(E) gasoline
FAVAILIIL Input Data Fuel availability for conventional and alterative Percent TALT1 74
(E) technologies
FAVAIL22 Input Data Alternative technology fuel availability Percent TALT2 70
(E)
FAVAIL33 Input Data Fuel availability for EV technologies Percent TALT3 66
(E)
FEC3SC Variable Automobile fiel economy within the three MPG TALT3 61
reduced size classes
FET3SC Variable Light truck fuel economy within the three reduced MPG TALT3 62
size classes
T Index Index of the sixteen engine t;zchnologies — TALT3 —
considered by the model
RFP Variable Regional fuel price Dollars per
MMBtu TALT3 S0
TT50 Input Bata The exogenously specified year in which 50% of Year TALT3 59
X the demand for technology /T can be met
VCl1 Variable Utility vector for conventional and aiternative — TALTI 74
vehicles
VC1 Variable Utility vector for conventional and alternative — TALTI 74
vehicles - -
vC2 Variable Utility vector for alternative vehicies — TALT2 70
VC3 Variable Utility vector for electric vehicles — TALT3 66
VEFF Input Data Fuel economy of technology I7, relative to —_ TALT3 64
(E) gasoline baseline
VEFFACT Variable Baseline efficiency of gasoline ICE's, in MPG Miles per TALT3 63
MMBtu
VPRICE! Input Data Price of each considered technology in 19908 1990 S TALTI 74
®
VPRICE2 Input Data | Price of cach considered AFV technology in 1990 $ TALT2 70
(E) 19908
VPRICE3 InputData | Price of each considered EV technology in 19908 19908 TALT3 66
E)
VRANGE!1 Input Data Vehicle range of the considered technology Miles TALT1 74
(E}
VRANGE2 Inpui Data Vehicle range of the considered AFV technology Miles TALT2 70
€ .
VRANGE3 Input Data Vehicle range of the considered EV technology Miles TALT3 66
(E)
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' LIGHT DUTY VEHICLE STOCK-MODULE -

ITEM CLASS. " DESCRIPTION: ‘SUBROUTINE.| EQ#
ADJVMTPC Variable |Demographically-adjusted per capita VMT Vehicle-miles TVMT 142
AMPGC Variable |The average MPG of cars within the reduced Miles per TMPGSTK 129

AFV size class gallon
AMPGT Variable |The average MPG of trucks within the reduced Miles per TMPGSTK 129
AFV size class gallon
ANCMPG Variable [Average new car MPG Miles per TMPGSTK 133
gallon
ANTMPG Variable |Average new light truck MPG Miles per TMPGSTK 133
gallon
APSHRNC Variable {Absolute market share of new cars, by Percent TMPGSTK 133
technology, from the AFV model -
APSHRNT Variable |Absolute market share of new light trucks, by Percent TMPGSTK 133
technology, from the AFV model
ASC Index The three AFV size classes, onto which the six — —
primary size classes are mapped
CCMPGLDV Variable |New car MPG, by technology T MPG TMPGAG 156
CMPGSTK Variable |Automobile stock MPG, by vintage and Miles per TMPGSTK 135
technology gallon
CMPGT Variable |Automobile stock MPG Miles per TMPGSTK 135
gallon
COSTMI Variable |Cost of driving per mile S per mile TVMT 139
DAF Input Data | Demographic adjustment factor — TVMT 142
©
FLTECHSAL Variable |Flest sales by size, technology, and fleet type Units TMPGAG 153
FLTECHSALT Variable | Vehicie purchases by fleet type and technolgy Units TMPGAG 153
FLTECHSTK Variable |}Total fleet vehicle stock, by technology and fleet Units TMPGAG 155
type
FLTMPG Variable |Fleet vehicle MPG by vehicle type, size class, MPG TMPGAG 154
and technology
FLTMPGNEW Variable |New fleet vehicle MPG, by vehicle type and MPG TMPGAG 156
technology JTECH
FLTSTOCK Variable [New flest stock, by vehicle type and technology Units TMPGAG 155
- ITECH
FLTVMT Variable |Fleet VMT Vehicle-miles TVMT 144
FLVMTSHR Variable | VMT-weighted shares by size class and Percent TFREISMOD 148
technology
FVMTSC Variable |Freight VMT by size class Vehicle-miles TVMI 144
INCOME Variable |Per capita disposable personal income $ TVMT 140
IS Index Index of size class (1-3) —_ TMPGAG —
T Index Index of vehicle technology (1-16) — TMPGAG —
National Energy Modeling System
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e A

‘SUBROUTINE
Reassigned indices of vehicle technology /72 =
1-16; IT=16,15,1-14
ITECH Index Index of fleet vehicle technologies which — TMPGAG —_
correspond to the /T index
Y Index Index of fleet type: Business, Government, — TMPGAG —
Utility
LTSTK Variable {Surviving light truck stock, by technology and Units TSMOD 120
vintage
LVMT Varigble |Average light truck VMT, by vintage, from Vehicle miles TEXOG 134
RTECS ) traveled
MPGC Variable }New car fuel efficiency, by engine technology Miles per TMPGSTK 131
gallon
MPGC Variable |New car MPG. by technology /T MPG TMPGAG 156
MPGFLT Variable [Stock MPG for all light duty vehicles Milc; per TMPGSTK 137
gallon
MPGT Variable |New light truck fuel efficiency, by engine Miles per TMPGSTK 131
technology gallon
MPGTECH Variable |Average stock MPG by technology MPG "TMPGSTK 138
NCMPG Variable |New car MPG, from the FEM model Miles per TMPGSTK 132
gallon
NCS3A Variable |New car sales by reduced size class and engine Units TMPGSTK 125
technology: .
IS=1,08C=1,6; IS=2, 0SC=23; IS=3,
0SC=4.5
NCS3sC Variable |Total new car sales by reduced size class Units TMPGSTK 127
NCSR Variable |Regional new car sales by reduced size class Units TMPGSTK 126
NCSTECH Variable |New car sales. by region. size class, and Units TSMOD 119
technology, from the AFV Module
NLT3A Variable {New light truck sales by reduced size class and Units TMPGSTK 125
technolgy: IS=1,0SC=13; IS=2,05C=
2.5 IS=3.05C=4.6
NLTECH Variable |{New light truck sales, by region, size class, and Units TSMOD 119
- |technology
NLTMPG Variable |New light truck MPG, from the FEM model Miles per TMPGSTK 132
gallon
NLTS3SC Variable | Total new light truck sales by reduced size class Units TMPGSTK 127
NLTSR Variable |Regional new light truck sales by reduced size Units TMPGSTK 126
class
NNCSCA Variable |New conventional car sales by six size classes Units TMPGSTK 128
NNLTCA Variable }New conventional light truck sales by six size Units TMPGSTK 128
classes
OLDFSTK Variable |Number of fleet vehicles rolled over into Units TSMOD 122
cormresponding private categories

National Energy Modeling System
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LIGHT DUTY VEHICEE STOCK MODULE"

ITEM . - -DESCRIPTION EQ#
r
PASSTK Variable |Surviving automobile stock, by technology and Units TSMOD 120
vintage
PrFem Date Input | The ratio of per capita female driving to per — TVMT 141
(C) capita male driving. )
PVMT Variable {Average automobile VMT, by vintage, from Vehicle miles |. TEXOG 134
RTECS traveled
RATIO Variable |Light ruck MPG adjustment factor — TMPGSTK 130
RHO Parameter |Difference equation lag factor, estimated, using — TVMT 141
©) the Cochrane-Orcutt iterative procedure, to be
0.72
SCMPG Variable | Stock MPG for automibles Miles per TMPGSTK 136
- gallon
SSURVLT Input Data |Fraction of a given vintage's light trucks which Percent TSMOD 120
(B) survive
SSURVP Input Data | Fraction of a given vintage's automobiles which Percent TSMOD 120
(B) survive . .
STKCAR Variable | Total stock of non-fleet automobiles in year T Units TSMOD 123
STKCT Variable {Stock of non-fleet vehicles, by technology Units TMPGAG 158
STKTR Variable |Total stock of non-fleet light trucks in year T Units TSMOD 123
STMPG Variable |Stock MPG for light trucks Miles per TMPGSTK 136
gallon
STOCKLDV Variable | Total stock of fleet and non-fleet vehicles, by Units TMPGAG 158
technology
TECHNCS Variable |Non-fleet new car sales, by technology /T Units TMPGAG 156
TECHNCS Variable |Total new car sales, by technology Units TSMOD 119
TECHNLT Variable | Total new light truck sales, by technology Units TSMOD 119
TECHNLT Variable |Non-fleet new light truck sales, by technology /77 Units TMPGAG 157
TLDVMPG Variable |Average fuel economy of light-duty vehicles MPG TMPGAG 161
TMC_POPAFO Variable |Total poputation, from MACRO module Units TVMT 140
TMC_SQDTRUCKSL Variable . | Total light truck sales, from MACRO module Units TFREISMOD 147
T™MC_YD Variable |Total disposable personal income, from L3 TVMT 140
MACRO module
TMPGLDVSTK Variable | Average MPG by vehicle type ¥T MPG TMPGAG 160
TMPGT Vanable |Light truck stock MPG Miles per TMPGSTK 135
gallon
TOTMICT Variable |Total miles driven by cars Miles TMPGSTK 134
TOTMITT Variable |Total miles driven by light trucks Miles TMPGSTK 134
TPMGTR Variable |Price of motor gasoline S per gallon TVMT 139
TRFLTMPG Variable | Average light truck MPG MPG TFREISMOD 152
National Energy Modeling System
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Light truck sales for freight i TFREISMOD
TRSALTECH Variable _|Light truck sales by technology Units TFREISMOD 148
TRSTK Variable {Total light truck stock Units TFREISMOD 151
TRSTKTECH Variable |Light truck stock by technology Units TFREISMOD 149
TRSTKTOT Variable | Total light truck stock by technology Units TFREISMOD 150
TSTOCKLDV Variable |Total stock b).' vehicle type VT ) Units TMPGAG 159
TTMPGLDV Variable |New light truck MPG, by technology IT MPG TMPGAG 157
TIMPGSTK Variable |Light truck stock MPG, by vintage and Miles per TMPGSTK 135
technology gallon
VDF Input Data }Vehicle fuel efficiency degradation factor Perccn; TMPGSTK 135
™)
VMTECH Variable |Personal travel VMT by technology Vehicle-miles TVMT 145
VMTEE Varijable VM'I' for personal travel Vehicle-miles TVMT 144
VMTLDV Variai:lc Total VMT for light duty vehicles Vehicle-miles TVMT 143
VSPLDV Variable |The light dutir vehicle shares of each of the . Percent TSMOD 124
sixteen vehicle technologies
vT Index Index of vehicle type: 1 = cars. 2 = light trucks _ TMPGAG —
XLDVMT Variable |Fractional change of VMT over base year (1990) Perccm_ TVMT 146
National Energy Modeling Systam A-11
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LIGHT DUTY VEBICL 1 FLEET MODULE
DESCRIPTION SUBROUTINE | EQ #
APSHRS55 Variable Absolute regional market shares of adjusted Percent TLEGIS 102
vehicle sales
APSHRFLTB Variable Market shares of business fleet by vehicle type Percent TLEGIS 106
and technology
APSHRFLTB Variable Alternative technology shares for the business Percent TLEGIS 84
fleet
APSHRFLTOT Variable Aggregate market shares of fleet vehicle Percent TLEGIS 105
technologies -
APSHRNC Variable Market shares of new cars by technology Percent TLEGIS 104
APSHRNT Variable Market shares of new light trucks by technology Percent TLEGIS 104
AVSALES Variable | Regional adjusted vehicle sales by size class Units TLEGIS 97
AVSALEST Variable Total regional adjusted vehicle sales by size class Units TLEGIS 100
ELECVSAL Variable Regional electric vehicle sales Units TLEGIS 92
ELECVSALSC Variable Regional ZEV sales within corresponding regions Units TLEGIS 96
EPACT Parameter | Legislative mandates for AFV purchases, by fleet Percent TEXOG 81
(0 type s
FLTALT Variable Number of AFV's purchased by each flest type in Units TFLTSTKS 81"
a given year ’
FLTAPSHR1 Input Data | Fraction of each fleets' purchases which are Percent TEXOG 81
(G) AFV's, from historical data
FLTCONV Variable Fleet purchases of conventional vehicles Units TFLTSTKS 82
FLTCRAT Input Data | Fraction of total car sales attributed to fleets Percent TEXOG 80
(©)]
FLTCSHR Input Data | Fraction of fleet cars purchased by a given fleet Percent TEXOG 80
(6] type
FLTECH Variable Vehicle purchases by fleet type and technology Units TFLTSTKS 85
FLTECHSAL Variable Fleet sales by size, technology, and fleet tvpc unts TFLTSTKS 34
FLTECHSHR Input Data | Alternative technology shares for the govcrﬁmcm Percent TEXOG 84
(G) and utility fleets
FLTFCLDVBTU Variable [ Fuel consumption by vehicle type and technology MMBtu TFLTCONS 117
FLTFCLDVBTUR Variable Regional fuel consumption by fleet vehicles, by MMBtu TFLTCONS 118
technology
FLTLDVC Variable Fuel consumption by technology, vehicle and MMBtu TFLTCONS 116
fleet type
FLTMPG Variable New fleet vehicle fuel efficiency, by fleet type Miles per TFLTMPG 110
and engine technology Gailon
FLTMPGTOT Variable Overall fuel efficiency of new fleet cars and light MPG TFLTMPG 112
trucks
FLTSAL Variable Sales to fleets by vehicle and fleet type Units TFLTSTKS 30
FLTSLSCA Varniable Fleet purchases of AFV's. by size class Units TFLTSTKS 83
" Natlonal Energy Modeling System
A-12 Transportation Model Demand Sector Documentation Report -




FLTSLSCC Variable '_Flect purchases of conventional vehicles, by size Units TFLTSTKS 83
class
FLTSSHR nput Data Percentage of fleet vehicles in each size class, Percent TEXOG 83
(€] from historical data
FLTSTKVN Variable Fleet stock by fleet type, technology, and vintage Units TFLTSTKS 86
FLTTOTMPG Variable Fleet vehicle average fuel efficiency for cars and Miles per TFLTMPG 115
light trucks Gallon
FLTTRAT Input Data | Fraction of total truck sales attributed to fleets Percent TEXOG 80
G
FLTTSHR Input Data | Fraction of fleet trucks purchased by a given fleet Percent TEXOG 80
Q pe :
FLTVMT Variable Total VMT driven by fleet vehicles Vehicle Miles TFLTVMTS 108
Traveled
FLTVMTECH Variable Fleet VMT by technology, vehicle type, and fleet | Vehicle Miles TFLTVMTS 109
type Traveled
FLTVMTYR Variable Annual miles of travel per vehicle, by vehicle and Miles TFLTVMTS 108
fleet type
FMSHC Variable The market share of flect cars, from the AFV Percent TFLTMPG 110
model
FMSHLT Variable The market share of fleet light trucks, from the Percent TFLTMPG 110
’ AFV model
IR Index Corresponding regions: ST=CA, MA, NY; IR = — TLEGIS —
9.12
IS Index Index of size classes: ‘1 =small, 2 # medium, 3= — TFLTSTKS -—_
large
ITECH Index Index of engine technologies: 1-5 = alternative — TFLTSTKS —
fuels (neat), 6 = gasoline
ITF Index Index of fleet vehicle technologies, corresponding — TLEGIS —
to JT=3.5.7.8.9
Ty Index Index of fleet type: 1 = business, 2 = government, —_ TELTVMTS -
3 = utility
MAXVINT Index. Maximum JVINT index associated with a given — TFLTMFPG —
- vehicle and flest type
MPGFLTSTK Variable Fleet MPG by vehicle and fleet type, and Miles per TFLTMPG 114
technology, across vintages Gallon
MPGFSTK Variable Fleet MPG by vehicle and fleet type, technology, Miles per TFLTMPG 113
. and vintage Gallon
NAMPG Variable New AFV fuel efficiency, from the AFV model Miles per TALT3 110
Gallon
NCSTECH Variable Regional new car sales by technology, within six Units ' TLEGIS 107
size classes: OSC=1-6:15=2.1.1.3.3,2
NLTECH Variable chionél light truck sales by technology, with six Units TLEGIS 107
size classes: OSC=1-6:/5=12.1.32.3
National Energy Modeling Systam A-13
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Ir — .
. CLASS.. | . . .. DESCRIPTION- :| 'UNITS' |- SUBROUTINE |- EQ #

Old fleet stocks of given types and vintages, TFLTSTKS 87
transferred to the private sector

QBTU Input Data | Energy content of the fuel associated with each Btw/Gal TFLTCONS 117

(4] technology

RSHR Variable Regional VMT shares, from the Regional Sales Percent TREG 118
Module

ST Index Index of participating state: CA, MA,NY — TLEGIS . -

STATESHR Variable Share of national vehicle sales attributed to & Percent TLEGIS 94
given state

SURVFLTT Input Data | Survival rate of a given vintage . Percent TFLTSTKS 86

- (G) . -

TFLTECHSTK Variable Total stock within each technology and fleet type Units TFLTSTKS 88

TMC_SQDTRUCKSL Variable Total light truck sales in a given year “Units TMAC 80

TMC_SQTRCARS Variable Total automobile sales in a given year Units TMAC 80

TOTFLTSTK Variable Total of all surviving fleet vehicles Units TFLTSTKS 89

ULEV Data Input | State-mandated minimum sales share of ULEV's Percent TLEGIS 94

)] )

ULEVST Variable State-mandated minimum sales of ULEV's Units TLEGIS 94

VFSTKPF Variable Share of fleet stock by vehicle type and Percent TFLTSTKS 90
technology

VSALES Variable Total disaggregate vehicle sales Units TLEGIS 91

VSALESCI6 Variable Total new car sales by technology: IS=1, OSC= Units TLEGIS 103
23; [5=2,08C=1,6; IS=3,05C=45 -

VSALEST Variable Total regional vehicle sales, by size class Units TLEGIS 93
VSALESTI16 Variable | Total new light truck sales by technology: IS=1, Units TLEGIS 103
0SC=13; IS=2,08C=2,5; IS=3,05C=4,6
3T Index Index of vehicle type: 1= cars, 2 = light trucks — * TFLTSTKS —
ZEV Data Input | State-mandated minimum sales share of ZEV's Percent TLEGIS 94

&)
ZEVST Variable. | State-mandated minimum sales of ZEV's Units TLEGIS 94
ZEVSTSC Variable Mandated ZEV sales by size class and state Units TLEGIS G5

s National Energy Modeling System
A-id Transportation Model Demand Sector Documentation Report




AR A L e AT X
ZAIR'TRAVEY. MODUEE: AirE
.. - DESCRIPTION: -} SUBROUTINE
DFRT Parameter Fraction of freight ton-miles transported on
((®)) dedicated carriers. Percent TAIRT 199
DI Parameter Demographic air travel index, reflecting
(0) public's propensity to fly - TAIRT 201
EQSM Input Data Equivalent seat-miles conversion factor; used TAIRT 5
(0) to transform freight RTMs to seat-miles - . 04
LFDOM Parameter Load factor, the average fraction of seats which
(0) are occupied in domestic travel. Percent TAIRT 204
i .
LFINTER Par?(x;l)ctcr Load factor for mt':manonal travel. Percent TAIRT 204
OPCST Input Data Airline operating costs. Dollars per p
©) Aircraft-Mile TAIRT 195
PCTINT Parameter. Proportionality factor relating international to TAIRT 108
(0) domestic travel levels -
RPMB Variable R:v.cnuc passenger miles of domestic travel for Pass?ngcr TAIRT 200
business purposes. Miles
RPMBPC Variable Per capita domestic RPM for business Miles per
travellers. " Capita TART 196
RPMD Variable Total domestic revenue passenger miles. Pass.cngcr TAIRT 203
Miles
RPMI Variable Revenue passenger miles of international Pass;ngcr TAIRT 202
travel. Miles.
RPMIPC Variable Per capita interational RPM Miles‘pcr TAIRT 198
Capita
RPMP Variable Revenue passenger miles of domestic wavel for Passenger ;
" TAIRT 201
personal purposes. Miles
RPMPPC Variable Per capita domestic RPM for personal travel. Milcs.pcr TAIRT 197
Capita
RTM Variable Revenue ton miles of cargo. Ton Miles TAIRT 199
ASMDEMD Variable jI'otal sc.at-mﬂcs demanded for domestic and Seat Miles TAIRT 204
international travel
T™MC_GDP Variable Real gross domestic product Dollar§ per TMAC 196
Capita
TMC_POPAFO Variable U.S. population People TMAC 196
TMC_YD Variable Real gross disposable personal income Dollax"s per TMAC 197
Capita
TPJFTR Variable Price of Jet Fuel. Dollars per TMAC 193
Gallon
YIELD Variable Airline revenue per passenger mile Dollars per -
Passenger- TAIRT 195
Mile
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ATR TRAVEL MODULE:

rcraﬁzlﬁéé@:ﬁi‘ﬁéiénéy Mbdéi R

CLASS.

 SUBROUTINE"

Demand for aviation gasoline, in gallons Gallons TAIREFF 226
AGDBTU Variable Aviation gasoline demand, in Btu Btu TAIREFF 224
AIRHRS Input Data Average number of airborne hours per aircraft, Hours per
®) by type. Year TAIREFF 205
ASMDEMD Variable Demand for available seat-miles, by aircraft Seat Miles TAIREFF 207
ype -
ASMP Variable The available seat-miles per plane, by type Seat Miles TAIREFF 205
AV i 2 i
SPD Input Data Average flight speed, by type Miles per TAIREFF 205
(P) Hour
BASEAGD Parameter Baseline demand for aviation gasoline Gallons TAIREFF 223
BASECONST Parameter Baseiine constant, used to anchor the — TAIREFF 216
technology penetration curve
COSTFX Parameter Factor reflecting the magnitude of the — TAIREFF 215
difference between the price of jet fuel and the
trigger price of the considered technology
DELTA Parameter User-specified rate of passenger shifts between — TAIREFF 206
aircrafl types )
EFFIMP Input Data Fractional improvement associated with a given Percent TAIREFF 218
®P) technology
FRACIMP Variable Fractional improvement over base year (1990) Percent TAIREFF 218
fuel efficiency, by type
GAMMA Parameter Baseline adjustment factor — TAIREFF 223
(P)
IFX Index Index of technology improvements (1-6) — TAIREFF —
T Index Index of eircraft type: 1 =narrow body, 2 = — TAIREFF —_
wide body
IVINT Index Index of aircraft vintage —_ TAIREFF —
TYEAR Index Current year — TAIREFF —
JFBTU Variable Jet fuel demand, in Btu Btu TAIREFF 224
JFGAL Variable Consumption of jet fuel, in gallons Gallons TAIREFF 222
KAPPA Parameter i Exogenously-specified decay.constant — TAIREFF 223
(P)
NEWSMPG Variable Average seat-miles per gallon of new aircraft SMPG TAIREFF 219
purchases : '
NPCHSE Variable Number of aircraft puré:h&s'cd, by body type. Aircraft TAIREFF 209
NSURV Variable Number of surviving aircraft. by body type. Aircraft TAIREFF 212
QAGR Variable Regional demand for aviation gasoline Btu TAIREFF 225
QJETR Variable Regional demand for jet fuel Btu TAIREFF 225
RHO Parameter Average historic rate of growth of fuel — TAIREFF 220
(P) efficiency
Natlonal Energy Modeling System
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AIR ’I‘RAVEL MODULE' Axrcraft Fleet Eﬁ'cxency Model:-

" SUBROUTINE EQ#
Average number of seats per aircraft, by type.
®) Aireraft TAIREFF 205
SMFRACN Variable Fraction of scat-mile demand on narrow-body Percent . TAIREFF 206
planes
SMFRACN Variable Fraction of seat miles handled by surviving
stock and new purchases. by type. TAIREFF 2l
SMPG Variable Average seat miles per gailon for new Seat Miles
purchases and surviving fleet, by type. per Gallon TAIREFF 219
SMPGT Variable Overall fleet average seat-miles per gallon SMPG TAIREFF 221
SMSURV Variable Surviving travel capacity by body type. Seat Miles TAIREFF 209
SSURVPCT Parameter Marginal survivai rate of planes of a given Percent TAIREFF 208
®) vintage ’
STKOLD Variable Fraction of planes older than one year, by Percent TAIREFF 213
aircraft type
SURVK Parameter | User-specified proportionality constant — TAIREFF 208
®)
SURVPCT Input Data Survival rate of planes of a given vintage Percent TAIREFF 208
P) IVINT
T50 Parameter User-specified vintage at which stock survival Years TAIREFF 208
®) is 50%
TIMECONST Parameter User-specified scaling constant, reflecting the — TAIREFF 214
@) importance of the passage of time
TIMEFX Parameter Factor reflecting the length of time an aircraft —_ TAIREFF 214
®) technology improvement has been
commercially viable
TOTALFX Parameter Overall effect of fuel price and time on —_ TAIREFF 216
®) implementation of technology J/FX
TPJFGAL Variable Price of jet fuel S per Gallon TAIREFF 213
TPN Variable Binary variable (0,1) which tests whether — TAIREFF 214
current fuel price exceeds the considered
tcchology's trigger price
TPZ Variable Binary variable which tests whether — TAIREFF 215
- implementation of the considered technology is
dependent on fuel price
TRIGPRICE Parameter Price of jet fuel above which the considered S per Gallon TAIREFF 215
. ® technology is assumed to be commercially
viable
TYRN Variable Binary variable which tests whether current —_ TAIREFF 213
year exceeds the considered technology's year
of introduction
XAIR Variable Fractional change in air ravel from base year Percent TAIREFF 225
XAIREFF Variable Fractional change in aircratt fuel efficiency Percent TAIREFF 226

from base vear
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FREIGHT TRANSPORT:MODULE: -

" | SUBROUTINE *

-DESCRIPTION EQ#
FAC Input Data Freight Adjustment Coefficient—relates
Q growth in value added in industry I to growth —_ TFREI 162
in freight transportation
FBENCH Parameter Benchmarking factor to ensure congruence — TFREl 168
(6] with 1990 data
FERAIL Input Data Rail fuel efficiency Miles per
(B) gallon TRAIL 182
FESHIP . Input Data Domestic freighter fuel efficiency TSHIP 188
(B)
FFD Variable Truck .Fucl Demand, by type of fuel and class MMBtu TFREL 176
of vehicle.
FFDT Variable Total fuel demand, by technology, in MMBtu Gallons TFREI 178
FFMPG Variable Average truck fuel economy for second size MPG TFRE! 177
class for use in TMISC -
FFVMT Variable Total freight truck vehicle-miles traveled in Vehicle- TFREI 165
industry group LY miles
FLVMTSHR Variable Share of fuel technology in total truck VMT Percent TFREI 169
FMPG Variable Truck Fuel Efficiency, by class of truck. Miles per TFREI 174
Gallon
FRLOAD Parameter Load factor associated with a given industry’s _ - TFREI 163
Q) output
FSHR Variable Adjusted technology share of VMT demand Percent TFREI 169
FTMT Variable Total highway freight traffic, by industry Ton Miles TFREI 162
FTOTVMT Variable Total VMT demand for trucks Vehicle miles TFREI 166
FVYMT Variable Freight transport demand by class of truck. Ve}}iclc TFREI 163
Miles
FVMTECHSC Variable Total highway freight VMT, by size class and Vehicle -
- " TFRE! 172
fuel technology Miles
FVMTSC Variable Total highway freight VMT, by size class Vehicle TFREI 168
Miles
GROSST Variable Value of gross trade (imports + exports) s TSHIP 191
GROWTH Parameter Factor which specifies changes in truck VMT
. — TFRE! 169
by each fuel technology over time
IF Index Index of fuel type — TRAIL —
is Index Index of truck size class (1-3) —_ TFRE] —
ISFD Variable Intenational freighter energy demand. by fuei MMBtu TSHIP 192
ISFDT Variable Total international shipping energy demand MMBtu TSHIP 191
[SFSHARE Pama:;ctcr International shipping fuel allocation factor _ TSHIP 192
LY Index Place holder for industrv group — TFREI —
. National Energy Modeling System
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Value of output of each industry in base year Dollars - TFREI 162
dollars.
QBTU Input Data Hear content of fuel used by each technology MMBtu per
TFRE! 176
()] gallon
RTMT Variable Total rail freight traffic, by industry Ton Miles TRAIL 180
RTMTT Variable Total rail ton-miles traveled Ton Miles TRAIL 181
SEDSHR P ter ional sh f shippi
araaréx)c Regional shares of shipping fuel demand Percent TEREI 179
SFD Variable Domestic freighter energy demand, by fuel MMBtu TSHIP 189
SFDBENCH Parameter | Benchmark factor to ensure congruence with - TSHIP 188
()] 1990 data -
SFDT Variable Domestic freighter energy demand MMBtu TSHIP 188
S s e . .
SFSHARE Pm(gx)cmr Domestic shipping fuel allocation factor _ TSHIP 189
STMT Variable Total waterborne freight traffic. by industry Ton Miles TSHIP 186
STMTT Variable Total ship ton-miles traveled Ton Miles TSHIP 187
SUMFVMT Variable Total freight VMT for the second size class Vehicle TFREI 173
for use in TMISC Miles
TBETAl Parameter Base rate of fuel economy growth, by size Percent TFREI 174
class
TBETA2 Parameter Fuel-price sensitive rate of fuel economy Percent TFREI 174
growth. by size class
TECH Index Index of engine technology (1-5) — TFREI —
TMC_YD Veriable Disposable personal income, from the s TFREI 165
MACRO module
TPMGTR Variable Price of motor gasoline used for highway $ per TFREI 174
transport Gallon
TQFREIR Variable Total regional truck fuel consumption for MMBtu TFREI 179
each technology
TQFREIRSC Variable Total regional freight energy demand by MMBtu TFREI 179
technology and size class
TQISHIPR Variable Total regional energy demand by MMBtu TS.HIP 197
international freighters
TOQRAIL Variable Total demand for each fuel by rail freight MMBtu TRAL 183
sector in year T
TQRAILR Variable Total regional rail fuel consumption for each MMBru TRAIL 184
technology
TQRAILT Variable Total energy consumption by freight trains in MMBtu TRAIL 182
vear T
TQSHIPR Variable Toral regional energy demand by domestic MMBru TSHIP 190
freighters. by fuel tvpe
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4 UNITS -
TRSCSHR Input Data Travel share disuibution factors, held — TFRE[! 168
®B) constant
TSIC Variable Value of output of industry /, in base year < TFREI 162
(1990) dollars
TSIC90 Input Data Base year value of industrial output S TFRE! 165
D
TYD3290 Input Data Base year disposable personal income . s TFREI 165
)]
XFREFF Variable Fuel economy improvement over base year Percent TFREI 175
XRAIL Variable Growth in rail travel from base year Percent TRAIL 185
XRAILEFF Variable Growth in rail efficiency from base year Percent TRAIL 185
- XSHIP Variable | Growth in ship travel from base year - Percent TSHIP 194
XSHIPEFF Variable Growth in ship efficiency from base year Percent TSHIP 194
XTOTVMI Variable Fractional growth in freight VMT over base Percent TFREI 167
year
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© s MISCELLANEOUS ENERGY. DEMAND MODULE

O

" SUBROUTINE

BETALUB Parameter Coefficient of proportionality, relating highway - TMISC 238
: X) travel to lubricant demand
BETAMS Parameter Coefficient of proportionality, relating mass transit — T™ISC 230
- (B) to LDV travel
BETAREC Parameter Coefficient of proportionality relating income to —_ - T™ISC 234
(B) fuel demand for boats
FLTVMT Variable Total fleet vehicle VMT, from the Fleet Module . Vehicle TFLTVMTS 237
Miles
FMPG Variable Fuel efficiency for mass transit vehicles, by vehicle Miles per TFREI 231
type, from the Freight Module gallon
FMPG89 Data Input Base-year fuel efficiency for mass transit vehicles, Miles per TEXOG 23]
(B) by vehicle type, from the Freight Module gallon
FTVMT Variable Total freight truck VMT, from the Freight Module Vehicle T™ISC 236
Miles
FVMTSC Variable Freight truck VMT, by size class TMISC i 236
HYWAY Variable Total highway VMT - Vehicle - T™ISC 237
Miles
IF Index Index of fuel type: 1=Distillate, 2=Naphtha, — TMISC -
3=Residual. 4=Kerosene
M Index Index of transportation mode: 1 =LDV’s, 24 = — TMISC —
Buses. 5-7 = Rail
M Index Index of transportation mode: 1 =LDV's, 2-4= T™MISC —
Buses, 5-7 = Rail
LUBFD Variable Total demand for lubricants in year T MMBtu T™ISC ‘ 238
MFD Variable Total military consumotion of each fuei in vear T MMBtu TMISC 228
MILTARGR Variable The growth in the military budget from the Percent TMISC 227
previous year
MILTRSHR Input Data Regional consumpuon shares, from 1991 data. held Percent T™ISC 229
L) constant -
QLUBR Variable Regional demand for lubricants in vear T MMBtu T™MISC 239
QMILTR Variable Regional military fuel consumpton, by fuel type MMBtu © TMISC 229
QMODR Variable ch-ional consumption of fuel. by mode MMBtu T™ISC t233
QRECR Variable Regional fuel consumption by recreational boats in MMBtu T™ISC 235
vear T
RECFD Variablie National recreationai boat gasoline consumption in MMBtu ™ISC 234
year T
TMC_GFML87 Variable Total defense budget in vear T, from the macro M TMAC 227
economic segment of NEMS
TMC_POPAFO Variable Regional population forecasts, from the Macro People TMAC 233
Module
TMC_YD Variable Total disposable personal income, from the Macro M TMAC 234
Module
National Energy Modeling System AT
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" MISCELLANEOUS ENERGY DEMAND MODULE
ITEM CLASS. DESCRIPTION . | UNITS | SUBROUTINE | EQ#
TMEFF89 Input Data Base-year Btu per vehicle-mile, by mass transit Btu per TMISC 231
B) mode vehicle mile
TMEFFL Variable Btu per passenger-mile, by mass transit mode Btu per T™MISC 231
passenger
T mile
TMFD Variable Total mass-transit fuel consumption by mode Gallons T™ISC 232
TMOD Variable Passenger-miles traveled, by mode . Passenger TMISC 230
miles
TMLOADS9 Data Input Average passengers per vehicle, by mode, held Units TMISC 230
(B) constant at 1989 values (1=LDV's)
TYPE Index Vehicle type, from the Freight Module: - — TFREI 231
1 = Mid-size trucks. 2 = Rail
VMTEE Variable LDV vehicle-miies traveled, from the VMT Vehicle miles TVMT 230
module .
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TRANSPORTATION EMISSIONS MODULE

ITEM CLASS| = "DESCRIPTION .. UNITS | SUBROUTI | EQ#
EFACT Parameter Emissions factor rzlating measures of travei to pollutant — ] TEMISS 240
M) emissions

EMISS Variable Regional cmiséions of a given pollutant, by mode of Tons per year TEMISS ' 240
travel

iE Index Index of pollutants: 1=80,,2=N0,,3=C, 4=C0,, — TEMISS 240
5=C0, 6=VOC .

M Index Index of travel mode: references individual vehicle —_ TEMISS 240
types used in the preceding modules

IR Index Index identifving census region — TEMISS 240

U Variable Measure of travel demand, by mode: units in VMT for — TEMISS 240
highway travel, gallons of fuel consumption for other
modes
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CODE

A

M

A4

SOURCES OF DATA INPUTS AND PARAMETERS
USED IN THE NEMS TRANSPORTATION MODEL

SOURCE

Corvennonai Light-Duty Vehicle Fuel Economy, Decision Analysis Corporation of Virginia and Energy and Environmental Analysis.
Inc.. Prepared For: Energy Information Administration, U.S. Deparment of Energy, Washington D.C., November, 1992.

Transporuation Energy Data Book: Edition 12, Oak Ridge National Laboratory, Prepared For: Office of Transportation Technologies,
U.S. Department of Energy, Washington, D.C., March 1992.

Revised VMT Forecasting Model, Unpublished Memorandum, U.S. Department of Energy, February 22, 1993.

1990 Nanional Personal Transportanon Survey, Federal Highway Administration, U.S. Department of Transportation, Washington. D.C.,
March 1992.

Aliernatrve-Fuel Vehicle Module, Decision Analysis Corporation of Virginia, Prepared For: Energy Information Administration, U.S.
Department of Energy, Washington, D.C., September 1992.

Demand for Clean-Fuel Personal Vehicles in California: A Discrete-Choice Stated Preference Survey, D. S. Bunch, et. al., University
of California, Davis, UCD-ITS-RR-91-14, December 1991.

Fleet Vehcles i the United States, Oak Ridge National Laboratories, Prepared For: Office of Transportation Technologies and Office
of Policy, Planning and Analysis, U.S. Department of Energy, Washington, D.C., March 1992.

Assessment of Costs and Benefits of Flexible and Alternative Fuel Use in the U.S. Transportation Sector; Technical Report Ten:
Analyvsis of Alternarve-Fuei Fleet Requiremenus, Office of Domestic and International Energy Policy, U.S. Department of Energy, May
1992

Annual Energy Outlook 1993, Energy Information Administration, Office of Integrated Analysis and Forecasting, U.S. Department of
Energy, Washington, D.C., January 1993. .

Proposed Regulations for Low-Emission Vehicles and Clean Fuels, State of California Air Resources Board, August 13, 1990.

State Energy Data Survey 1991, Energy Information Administration, Office of Energy Markets and End Use, U.S. Department of Energy,
Washington, D.C., May 1993.

Fuel Oil and Kerosene Sales 1991. Energy Information Administration, Office of Oil and Gas. U.S. Department of Energy, Washington
D.C.. November 1992.

Enussions Reguiauons. Inventories. and Emussion Factor for the NEMS Transportation Energy and Research Forecastung Model,
Decision Analysis Corporanon of Virginia. Prepared For: Energy Information Administration, U.S. Department of Energy, Washington,
D.C.. September 1992.

Fuel Efficiency Degradanon Factor, Decision Analysis Corporation of Virginia, Prepared For: Energy Information Administration. U.S.
Department of Energy, Washingion. D.C., August 1992,

Proposed Methodology for Projecting Air Transportation Demand, Decision Analysis Corporation of Virginia. Prepared For: Energy
Informauon Admunistration, U.S. Department of Energy, Washington, D.C., July 1992.

Preluninary Esnmation of the NEMS Atrcrart Fleet Efficiency Module, Decision Analysis Corporation of Virginia, Prepared For: Energy
Informauon Admnistranon. U.S. Department of Energy, Washington, D.C., September 1992.

Freight Transporianon Requirements Analvsis for the NEMS Transportation Sector Model, Decision Analysis Corporation of Virginia.
Prepared For' Energy Information Admimistrauon, U.S. Department of Energy, Washington, D.C., August 1992.
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Table A-2. Light Duty Vehicle Market Classes

CLASS .

:DEFENTTION

" EXAMPLEMODEL

‘AUTOMOBILES {Domestic and Import) -

Geo Metro, Toyota Paseo (no domestic

Minicompact Interior passenger volume < 79 ft*
cars)

Subcompact Passenger volume between 79 ft* and 89 f* Nissan Sentra, Honda Civic, GM
Saturn. Ford Escort

Sports Two door high performance cars costing less than VW Corrado, Honda Prelude, Chevy

$25.000 Camaro, Ford Mustang

Compact Passenger volume between 89 and 95 ft* Honda Accord, Toyota Camry, Ford
Tempo, Pontiac Grand Am

Intermediate Passenger volume between 96 and 105 f* Nissan Maxima, Ford Taurus, Chevy
Lumina

Large Passenger volume >105 f° Ford Crown Victoria, Pontiac
Bonneville (no imports)

Lwxury Cars over §25,000 Lincoln Continental, Cadillac, ail
Mercedes, Lexus LS400

* LIGHT TRUCKS (Domestic and Tmport) B

Compact Pickup Trucks with inertia weight between 2750 and 4000 1bs. | All import trucks, Ford Ranger, GM S-
10/15

Compact Van Vans with inertia weight between 3000 and 4250 bs. All import vans, Plymouth. Voyager,

Ford Aerostar

Compact Utility

Utility vehicles with inerda weight berween 3000 and
4250 Ibs.

Nissan Pathfinder, Toyota SR-5, Ford
Bronco 11, Jeep Cherokee

Standard Pickup

Trucks with inertia weight over 4000 1bs.

GM C-10. Ford F-150 (no imports)

GM C15 van. Ford E-150 (no imports)

Standard Van Vans with inertia weight over 4250 |bs.

Standard Utility Utility vehicles with inertia weight over 4250 1bs. Toyota Land Cruiser, GM Suburban.
Ford Blazer

Mini-tuck Utility/trucks below 2750 1bs. inertia weight Suzuki Samurai (no domestics)
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Table A-3. Maximum Light Duty Vehicle Market Penetration Parameters

:
01d Market Share T NewPMAX | 1 NewPMAX
{Automobiles} | (Light Trucks)

< 1% . 1% 1%
L1-2% 2% 2%
2.13% 5% ‘ 5%
3.16% 12% 10%
6.1-10% 28% 22%
10.1-12% 32% c o 26%
12.1-14% 36% 30%

14.1-17% 41% 35% i
17.1-20% 47% 40%
20.1-24% : 53% 47%
24.1-27% 56% 50%
27.131% 60% © o 54%
31.1-35% 64% 58%
35.140% 68% 62%
40.145% 73% 67%
45.1-53% 78% 73%
53.1-62% 83% 79%
62.1-73% 38% 85%
73.1-85% 94% 92%
85.1-100% 100% 100%
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Table A-4. Aircraft Fleet Efficiency Model Adjustment Factors

9,523

1980 G976 R Xy
1981 0.978 T 030 0.514
1982 0.980 028 - 0.509
1983 0.982 027 0.508
1984 0.985 028 0.522
1985 k088 R SR eS8
1986’ To991 025 "0.520
1987 0.994 028 0.540
1988 0.996 030 0.545
1989 0.998 0.33 0.551
,,,,,,,,,,,, 1996 1000 - 035 D555
1991 1.003 038 10.564
1992 1.004 0.40 0.569
1993 1.005 0.41 0.573
1994 1.007 0.42 0.577
1995 - 1008 . 043 10579
1996 " 1.007 044 0.584
1997 1.007 0.45 0.585
1998 1.006 0.46 0.591
1999 1.006 0.46 0.593
2000 1.005 047 0598
2001 1.003 0.47 0.601
2002 1.001 0.48 0.604
2003 0.998 0.48 0.604
2004 0.996 0.48 0.604
2005 0.994 048 0.604
2006 0.992 0.49 0.604
2007 0.989 0.49 0.604
2008 0.987 0.49 0.604
2009 0.985 6.49 0.604
2010 0.983 0.49 0.604
2011 0.980 0.49 0.604
2012 0.978 0.49 0.604
2013 0975 0.50 0.604
2014 0972 0.50 0.604
2015 " 9.570 0.50 0.604
2016 0.967 0.50 0.604
2017 0.965 0.50 0.604
2018 T 0962 0.50 0.604
2019 0.960 0.50 0.604
2020 0.957 0.50 0.604
2021 " 0.956 0.50 0.604
2022 0.954 0.50 0.604
2023 0.952 0.50 0.604
2024 0.951 0.50 0.604
2025 0.949 0.50 0.604
2026 0.948 0.50 0.604
2027 0.946 0.50 0.604
2028 0.944 0.50 0.604
2029 0.943 0.50 0.604
2030 0.941 0.50 0.604
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Table A-5. List of Expected Aircraft Technology Improvements

’ : :f,.:.Jet;fﬁdl.i?ﬁc: . . SMPGGain Over 1930's

Proposed Tecknology ¢ Iomo. Year T U e sigany Narrow Body Wide Body
ENGINES: '
Ultra-high Bypass - 1995 $0.69 10% 10%
Propfan . 2000 $1.36 23% 0%
AERODYNAMICS:
Hybrid Laminar Flow 2020 $1.53 15% 15%
Advanced Acredynamics 2000 $1.70 18% 18%
OTHER:
Weight Reducing Materials 2000 — 15% 15%
Thermodynamics 2010 $1.22 20% - 20%

! These figures represent the minimum jet fuel prices (1987 $) at which the corresponding technologies are assumed to become

cost-effecuve.

5 Nationai Energy Modeling Systam
A28 Transportation Model Demand Sector Documentation Report




Appendix B. Mathematical Representation
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Introduction

This appendix provides a detailed mathematical description of the transportation model. Equations
are presented in the order in which they are encountered in the code, identified by subroutine and
model component. The equations follow the logic of the FORTRAN source code very closely to
facilitate an understanding of the code and its structure. In several instances, a variable name will
appear on both sides of an equation. This is a FORTRAN programming device that allows a
previous calculation to be updated (for ekample, multiplied by a factor) and re-stored under the same

variable name.

In the interest of clarity, initialization statements, variable name reassignments, and error-trapping
tests are ormtted except where such descriptions are essential to an understanding of the process.
Representative equations are also employed in those instances where the model specifies numerous.
but essentially identical, calculations (most notably in the emissions component).
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> LIGHT DUTY VEHICLE MODULE

FUEL ECONOMY MODEL : Subroutine FEMCALC

D Calculate the fuel cost slope, used to linearly extrapolate expected fuel cost over the desired
payback period:

yiag=s ~ TUELCOST, . o) (B1)

MAX (0, FUELCOST
: 2

PSLOPE =

where:
PSLOPE = The fuel cost slope
FUELCOST = The cost of fuel in the specified prior years

2) Calculate the expected fuel price in year i (where i goes from 1 to PAYBACK):

PRICESEX, = PSLOPE(+2) + FUELCOSTyyyy 8-2)

where:

PRICESEX, = The expected price of fuel

3) Calculate the expected present value of fuel savings over the payback period:

PAYBACK 1 L. 1
FUELSAVE, = Y,k VMT, x -
. Jac} FE#:JEAR*:L .7 ( 1-+ DELSFEM % -'FEW‘I ) ‘(8'3)

- PRICESEX, * (1 -+ DISCOUNT )™

where:
itc = The index representing the technology under consideration
FE = The fuel economy of technology itc
DELSFE = The fractional change in fuel economy associated with technology ic
PAYBACK = The user-specified payback period
DISCOUNT = The user-specified discount rate

A Energy information Administratlon
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4) Calculate the cost of technology itc:

mcacosr = DELSCOSIABS - (DELSCOSTWGT,,
i ' (B-4)
* DELSWGIWGT,, * WEIGHT o )

where:

DELS$COSTABS = The fixed dollar cost of technology ifc

DEL$SCOSTWGT = The weight-based change in cost (3/1b)
DELSWGTWGT = The fractional change in weight associated with technology irc

WEIGHT = The original vehicle weight

5) Calculate the percelved value of performance assoc1ated with technology itc:

NCOME,, . Esm ¥ (15+ DELSFE )

INCOMEppp IR '-SF.EJ'éfE_-,x: ) . (B5)

"L« DELSHP, "

- VALUEPERF, =

FUELCOST,g,,
PRICESEX,

where:
VALSPERF = The dollar value of performance of technology izc
VALUEPERF = The value associated with an incremental change in performance
DELSHP = The fractional change in horsepower of technology itc
PRICESEX = The expected price of fuel
FUELCOST = The actual price of fuel (in the previous yean

6) Calculate the cost effectiveness of technology itc:

_ FUELSAVE,, - IECHCOST, ~ VALSPERF, - {REGCOST « FE,p,., = DELSFE,,)

ABS{TECHCOSTB':)_ B (B-5)

COSTEFFECT,,

where:
COSTEFFECT = A unitless measure of cost effectiveness
REGCOST = A factor representing regulatory pressure to increase fuel economy
TECHCOST = The cost of the considered technoiogy
VALSPERF = The performance value associated with technology irc
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7 Calculate the prelintinary economic market share of technology irc:
ACTUALSMKT,, = MMAX, + PMAX, (1 +.¢% COTFFFECTL L g

where:
ACTUALSMKT = The economic share, prior to consideration of engineering or regulatory constraints. The
subsequent adjusted value is stored in the variable MKTSPEN.
MMAX = The maximum market share for technology itc, obtained from MKTSMAX
PMAX = The institutional maximum market share, which models tooling constraints on the part of the
manufacturers, and is set in the subroutine FUNCMAX.
8) Ensure that existing technologies maintain market share in the absence of competing
technologies:
: A CT UALSMK 7, (B-8)
where:
MKTSPENy,,,., = The previous years market share of technology itc
9 Apply mandatory constraints:
ACTUALSMKT,, = MAX(ACTUALSMKT,, . MANDMKSH, ) (B-9)

where:
MANDMKSH = The minimum market share of technology izc required by legislative mandate.

10)  Apply required engin€ering constraints (following a call to the subsequent subroutine
NOTESSUPER):

a) Sum the market shares of the required technologies (req):
REQSMKT = MIN ( 3 ACTUALSMKT,, - 1.0) (B-10)
req

where:
REQSMKT = The total market share of those technologies which are required for the implementarion of

technology izc, indicating that technology's maximum share
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b) Compare REQSMKT to the market share of technology referred to by the engineering
note, ACTUALSMK’I‘,,_, selecting the smaller share:

ACTUALSMKT = MIN {4 CTUAL$MKT“C REQSMKT ) (B-11)

11)  Assign the prehmmary market sha.re value to the permanent vanable

MKT SPEN = ACT UALSMKT

zcl,igp ttc,ycar ite (8'1 2)

where:
MKTSPEN = The market penetration of technology ifc by vehicle group igp and vechilce class icl

12) Apply s:ynergistic engineering constraints to those technologies whose combination provide
non-addmve bemﬁts to fuel economy:

FEy 2 = FEYW (MKT.SPEN — - MKTSPEN,,, mm)

YEAR

.. (8-13)
(MKmPENm yoan MKTSPENM M i) SYNRSDEL,; 4,

where: .
irc] = First synergistic technology
itc2 = Second synergistic technoiogy
SYNRSDEL = The synergistic effect of the two technologies on fuel economy

13)  Calculate the change in market share for a given technology:

DELTASMKT,, = MKTSPEN, v, = MKTSPEN, ;o (B-14)

where:
DELTASMKT,. = The change in market share for technology irc
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i4)  Calculate current fuel economy for the considered vehicle class:

Fpn = Fop 3 Pyl S"DELTASMET,, * DELSFE, B15)
ftcel . et L

where:

DELSFEirc = The fractional change in fuel economy attributed to technology itc

15)  Calculate average vehicle weight for the considered class: .

WEIGHT,,,, = WEIGH Ty s * 3
: ' (B-16)

where:
DELSWGTABS = The change in weight (Ibs) associated with technology izc
DELSWGTWGT = The fractional change in vehicle weight due to technology izc
WEIGHTgsevear = The base year vehicle weight, absent the considered technology

»”

16)  Calculate the average vehicle price for the considered class:

PRICE = PRICE. .., * 2
7EAR TEAR -1 (B-17)

+ (WEIGHT g — WEIGHT s }* DELSCOSTGT,, |

where:
DELSCOSTABS = The cost of technology irc
DELSCOSTWGT = The weight-based change in cost of technology itc ($/1b)

17)  Calculate horsepower, assuming a constant weight to horsepower ratio:

WEIGHT,,,
HPyrin = HPppemm * AR
™ WEIGHT y 55y

(B-18)

where:

HPj.sevear = The base year average horseposer for the considered vehicle class
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18) Calculate the horsepower adjustment factor:

{ INCOME )0'9 ( PRICEM 11 [FEm )03

ADJH’P PERFFACI‘ ke

INCOME 1z PRICEm } FErpipa)
T _ ) FUELcasrm 23
S FUELCOST . |

where:
ADJHP = The fractional change in horspower from the previous year within a given vehicle class
INCOME = Household income )
PRICE = Vehicle price
FE = Vehicle fuel economy
FUELCOST = Fuel price

19)  Calculate current year horsepower, summing incremental changes from the initial year:

. AR TEAR . . o :
T P T HPuy (* ZA_W..HP] L emw

R 1950

20)  Calculate fractlonal change in fuel economy due to horsepower change

ADJFE = - 9;22 « ADJHP - 0.560 * ADJHP? ; ADJHP 2 0
ADJFE =— 022 * ADJHP + 0.560 * ADJHP® '; ADJHP <0
where:
ADIJFE = The fuel economy adjustment factor
21) Calculate the adjusted fuel economy:
FE = FE = (1+ADJFE) , (B-22)
22)  Calculate the vehicle price, adjusted for the change in performance:
PRICE = PRICE + AADJHP * VALUEPERF {B-23)
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FUEL ECONOMY MODEL ~ Subroutine NOTE$SUPER

This subroutine is called from subroutine FEMCALC in order to check whether new technologies
have superseded older ones. Affected technologies are grouped in a hierarchy, and market shares
are adjusted so that the sum does not exceed the maximum market penetration of the group.

1) Calculate aggregate market share of supersedmg technologles

numS:up -:: .

TOTSMKT = E ACTUALSMKT L (B-24)

ino=1"- LR

where:
TOTSMKT = The total market share of the considered group of technologies
ino = The index identifying the technologies in the superseding group
rumS$sup = The number of technologies in the superseding group

2) Establish the maximum market share for the group

. MAXSSHARE = MAX: (.MKT}SM ST (B-25)

--where:
MKTSMAX = The maximum market share for the considered technology, exogenously set
MAXSSHARE = The maximum market share of the group, ino

3) If the aggregate market share (TOTSMKT) is greater than the maximum share (MAXSSHARE),
reduce the market shares of those technologies which are lower in the hierarchy:
a) Calculate the reduction in market share of a superseded technology, ensuring that the
decrement does not exceed that technology's tota.l share'

DELSMKT = MLN(( TOTSMKT - MSHARE) ACTUAL$MK o) (B-26)

where:
DELSMKT = The amount of the superseded technology's market share to be removed

isno = An index indicating the superseded technology
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b) Adjust total market share to reﬂect thlS decrement

TOTSMKT =T ORMKT DEL$MKT (B-27)

c)

Adjust the market share of the superseded technology to reﬂect the decrement

ACTUALSMKT, = ACTUALSM;; - DEL$MKT

{B-28)
. These values are returned to the preceding subroutine.
FUEL ECONOMY MODEL Subroutine CMKSCALC
1) Calculate incremental change in class market share ratio:
a) F or all vehicles except luxury cars:
R F UELCOST .,
DIFFSIN = A [ ZEARY 5 LG
1990 : FUELCOSTWW
4( (B-29)
INC OME
fC s mm vign — S13,000
| INCOME 5, ~ §13,000

where:
DIFFSLN = The increment from the base year (1990) of the log of the market share ratio
b) For luxury cars:
FUELCOST, % { INCOME
DIFFSIN =4 *ln | ZEAR | s p s BT o c vm| R | (m3p)
- 1990 FUELCOST 450 | INCOME,
2) Solve for the log-share ratio:

-

CLASSSSHARE,,,,
RATIOSLN = DIFFSLN + I

1 - CLASSSSHARE ..

(B-31)
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where: >
RATIOSLN = Log of the market share ratio of the considered vehicle class

3) Solve for the class market share:

EXP{RATIOSINY ~

- (B-32)
1 + EXP (RATIOSLN) -

- CMKS =

where: .
CMKS = Class markert share, subsequently reassigned to the appropriate vehicle class and group,

CLASSSSHARE, 4,

4) Normalize so that shares total 100% w1thm each CAFE group

CLASSSSHARE: REEC

II

CLASSSSHARE,

tcl,lgy YEAR (B _33)

FUEL ECONOMY MODEL Subroutine CAFECALC

1) Calculate the Corporate Average Fuel Economy for each of the four CAFE groups:

}: cmsssszmzw o Ym:' |

CAFE. = Jzl Y (a4
fetigp EAR Z “CLASSSSHARE 5. Y&R’ L (B34
‘ P 'FEm;gp,mm

where:
icl = FEM vehicle size class index (7)
igp= CAFE group index: 1= domestic car, 2 = import car, 3 = domestic light truck. 4 = impon

light wuck
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REGIONAL SALES MODEL Subroutine FEMSIZE

This subroutine maps vehicle sales and fuel economy generated for the seven size classes considered
in the Fuel Economy Model (FEM) into the six vehicle size classes used in subsequent sectors.

1) Determine the number of Light Truck sales which are classified as LDT’s:

MC SQDTRUCKS % J,TMK‘*-'-

| ripric, =
: ELUT LT {35)
& ._(LT2.44 #. LTZAJLDV) + (LmS'U ¥ LTOSULDV) ]
where: : : -
T_LDT_MAC = Total LDT’s (under 8,500 pounds), as estimated by the Macro Module
MC_SQDTRUCKS = Total Light Truck sales (under 14,000 pounds), from Macro
LT10K = Fraction of these trucks under 10,000 pounds
LT2A4 = Fraction of light trucks with a 2-axle, 4-tire configuration
: LT2A4LDV = Fraction of these trucks less than 8,500 pounds
LTOSU = Fraction of light trucks with other axle configurations -
LTOSULDYV = Fraction of these trucks less than 8,500 pounds
2) Calculate total LDV sales
T LDV MAC = MC_SQTRCARS,, + T_LDT_MAC,, : : (36)
where:
T _LDV_MAC = Total car and adjusted light truck sales
MC-SQTRCARS = Total car sales, from the Macro Module
3)  Allocate LDV sales between cars and light trucks:
TMC_SQTRCARS,, = T_LDV_MAC,, * ( 1. < :CARLTSHRY
and R (37)
TMC_SOQDTRUCKS, = T_LDV_MAC, * CARLTSHR..
where: '
TMC_SQTRCARS = Total sales of new cars
Energy Information Administration B-11
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TMC_SQDTRUCKS = Total sales of new light trucks
CARLTSHR = Allocation factor representing LDT fraction of LDV sales (Appendix F, Attachment 8)

4)  Map vehicle sales from seven size classes to six:

MAP. SALE gp,icLose N mysc’ ,fd-N * .wi@'»i"tﬁ“” (B-38)

where: -
MAPSALE = Disaggregate vehicle sales
NVS7SC = New vehicle sales within the seven FEM size classes, calculated in subroutine TSIZE
MAP = Array of mapping constants, which converts FEM to ORNL size classes
osc = ORNL size class index 6)
N = Time period index (1990 = 1)

5)  Sum across sales within each size class:

TOTNVS7 = Z MAPSAL

3 zgp,zcl a:n,N‘ (8.39)
I )
where:
TOTNVS7 = Total new vehicle sales within the six ORNL size classes
6) Create a mapping share:
- MAPSALE. -,
MAPSHR by 00 it (B-40)
., TOTNVS 7‘gpp o
where:
MAPSHR = Sales shares within the disaggregate array
7)  Multiply MPG by mapped sales share: :
_ 7
FEMPG’XP#’”W = CIZX FEicng;‘YEAR *: MAPSHR}@ ict,osc, N (B-41)

where:
FEMPG = Average fuel economy by six ORNL size classes
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FE = Average fuel economy by seven FEM size classes
YEAR = Year index (YEAR = N+1)

8) Create benchmark factors for each CAFE group igp, held constant after 1992:

ORNLMPG@ e -
. .BENCHMPG,W = PG U B
' fgp o.rr:,N "3 - o

-

where:
BENCHMPG = MPG benchmark factors to ensure congruence with most recent data from ORNL
ORNLMPG = Most recent (1992) fuel economy data from ORNL

9) Apply the bencbmark factor to each size class, combmmg domesuc and 1mported vehicles:

=¥=' ' ORNLSHR

| FESKCO 2 FEMPG!gp 0.!6:.” * BENCHMPGI@ OSC i Jgp ose
L gp-l :

, FESIXTm iy = Z FEMPGW " ,,, * BENCHMPG@ .o« ORNLSHR,_ .

. ‘ igm== 5 - . 47~ - &
where:

» FESIXC = Fuel economy for cars within six size ciasses
FESIXT = Fuel economy for light trucks within six size classes

REGIONAL SALES MODEL ' Subroutine TSIZE

1)  Estimate non-fleet, non-commercial sales of cars and light-trucks within each of the seven size
classes considered by FEM (subsequently passed to subroutine FEMSIZE):

a) Forcars, igp=1,2:

NVS7SCopy iy = CLASSSSHARE 0, royp * TMC_SQTRCARS, st
{

* {1 — FLTCRAT 5, ) * SALESHR@,V

where:
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NVS7SC = New vehicle sales in the original seven FEM size classes, by CAFE group igp
TMC_SQTRCARS = Total new car sales (supplied by the MACRO module)
CLASSSSHARE = The market share for each automobile class, from FEM

FLTCRAT = Fraction of new cars purchased by fleets
SALESHR = Fraction of vehicle sales which are domestic/imported

b) Forhghttrucks igp= 34

NVS 7SC = CLASS$SHARE

it = *"-mc SQDTRUCKS
' (B-45)
«{1 - (FLTTRATM * COMTSHR’)} % SALESHR, -

where:
TMC_SQDTRUCKS = Total new light truck sales (from the MACRO module)
FLTTRAT = Fraction of new light trucks purchased by fleets
COMTSHR = Fraction of new light trucks dedicated to commercial freight

2)  Redistribute car and truck sales among Six size classes, combining import and domestic:

a) For cars:

MAP

NCSTSCC,,,, = igpactose (B-46)
where:
NCSTSCC = Total new car sales by size class osc
MAP = Array of constants which map sales from seven to six size classes
b)  For light trucks:
4 2 : ' o
NLTSTSCC,,, = 3. 3 {NVS?SC, il Jos MaP_, (B-47)

igp=3 fei=t1

where:
NLTSTSCC = Total new light truck sales by size class osc

3)  Calculate the market shares of cars and light trucks by size class:

Energy information Administration
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(B-48)

and:
(B-48)
where:
PASSHRR = Non-fleet market shares of automobiles, by size class osc
NLTSHRR-= Non-fleet market shares of light trucks, by size class osc
4)  Reassign horsepower estimates to six size classes:
wtsgpian ) ¥ SALESHR, % MAP, oy (B750)

and:
4 7 e L .
HPTRUCK, ., = Z Y {HP, e rean ) * SALESHR,, * MAP,gy 100, (B-51)

where: .
HPCAR = Average horsepower of automobiles. by size class osc

HPTRUCK = Average horsepower of light trucks, by size class osc
HP = Vehicle horsepower by FEM size class ic/ and CAFE group igp
SALESHR = Domestic vs. import market share for automobiles and light trucks, from ORNL

5)  Calculate average horsepower of cars and light trucks, by size class osc:

. s .
AHPCAR, = ) -HPCAR,, , * PASSHRR, (B-52)

osc =1

and:

Energy Information Administration
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5 . ' '
AHPTRUCK,, = . HPTRUCK, , * LTSHRRMJV (B:53)

osc =1

where:
AHPCAR = Average automobile horsepower
AHPTRUCK = Average light truck horsepower
REGIONAL SALES MODEL Subroutine TREG

1) Calculate regional shares of fuel demand, and normalize:

TMC_YDppo r J

SEDSHR 555 s il .

SEDSHRppes pegr = B — — (B-54)
e : #3: TMC_YD
SEDSHR o *) = KEGT ]
RE;‘[ - ) MEL’REGT 1 . .: = TMC YDnvrz Tt
where:
SEDSHR = Regional share of the consumption of a given fuel in period T
TMC_YD = Estimated disposable personal income by region, REG (9)
FUEL = Index of fuel type (11)
2)  Calculate regional cost of driving per mile:
TPMGIR .,
COSTMIR,, . = 0.1251 * | —————" (B-59)
’ MPGFLT -1

where:
COSTMIR = The cost per mile of driving in region REG, in $/mile
TPMGTR = The regional price of motor gasoline, in SMMBTU
MPGFLT = The previous year's stock MPG for non-fleet vehicles
.1251 = A conversion factor for gasoline, in MMBTU/gal

3) Calculate regional income:
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TMC_¥D

. (B-56)
TMC_POPA Fom .

INCOMERREG =

where: :
INCOMER = Regional per capita disposabie income

TMC_POPAFO = Total population in region REG

4) Eshmate reglona.l dnvmg demana

;?MrmzmJ s,;p,VMrMRm,_, + ;39(1 9+ B, (cosmmm,,ﬁ - bcasmmm -
: : : (B-57)

+BZ{WCOMERMJ pmcauzxmﬂ) 'ﬁ?.z. RF M = ppRFEM,_,)

and:

VMTEER e VMTMRREG’; * TMC_POPIy %D

(B-58)

where:
VMT16R = Vehicle-miles traveled per population over 16 years of age
PRFEM = Ratio of female to male driving rates
p = Lag factor for the difference equation
VMTEER = Total VMT in region REG

TMC_POP16 = Total regional population over the age of 16
DAF = A demographic adjustment factor. 1o reflect different age groups' driving partterns

5)  Calculate regional VMT shares (RSHR):

VMTEERKEG‘T:?; i ’
> - (B-59)
3 VMTEERREGJ
REG =1

RSHRpper =
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6) Divide non-fleet car and light truck sales accordmg to regmnal VMT shares:

NCSREG.SC,T NCSTSCCSC T ¥ RSHRREG T (B-60)
and:
NLTSREG,SC r = NLTSTS.?C s RSHRREG.Z‘ (B-61)
where:
NCS = New car sales, by size class SC and region REG
NLTS = New light truck sales, by size class and region
ALTERNATIVE FUEL VEHICLE MODEL Subroutine TALT3
1) Calculate commercial availability by technology:
{ TT.SO ~ YEAR E52)

COMAV {1 + EXP
) 2 EERRLE S I

where:

IT = Index of the sixteen engine technologies considered by the model

COMAYV = The fraction of market demand of a given technology which is commercially available

TT50= The exogenously specified year in which 50% of the demand for technology /T can be

met

2)  Calculate the weighted average fuel price for each technology, by region:

Z (REP FUELJR,#' ~F4 VAEFUE}:,TR,N )

AFCOST, = FUEL
RN . E FAVAIL :

FUEL

where:
AFCOST = Weighted average fuel price, in 1990 cents/MMBTU, for each technology /T

RFP = Price of each filel used by the corresponding technology
FAVAIL = Relative availability of the corresponding fuel

Energy Information Administration
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3)  Map fuel economy for cars and light trucks from six to three size classes for use in the AFV

model:

a) Forcars:

NCSTSCC,, oscir.

§c- - FESIXCj.

Yy NCSTSCCOSQN
osc .

(B-84)

S FEC3SCrscy =

where:
FEC3SC = Automobile fuel economy within the three reduced size classes

NCSTSCC = New car sales within the six size classes OSC
FESIXC = New car fuel economy within the six size classes OSC
ISC= Index of reduced size classes, mapped as follows for cars: ISC=1, OSC =2, 3; ISC

=2,0SC=1,6; ISC=3,0SC=4,5

b)  For light trucks:

NLTSTSCC

| &\ FESIILGELL L (e
CN:
> NLTSTSCCOSC’N i
0sC -

where:
FET3SC = Light truck fuel economy within the thres reduced size classes
NLTSTSCC = New light truck sales within the six size classes OSC
FESIXT = New light truck fuel economy within the six size classes OSC
ISC= Index of reduced size classes, mapped as follows for trucks: ISC =1, 0SC=1,3; ISC

=2,08C=2,5; ISC=3,05C=4,6

4) Convert fuel economy from miles per gallon to miles per MMBTU:

FEC3SC .

VEFFACT, = ——— {B-686)
Isex 0.125
where:
VEFFACT = Gasoline vehicle fuel economy, used as a baseline
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5)

where:

6)

where:

7

where:

B-20

Calculate alternative Vemcle fuel economy, usmg gasolme basehne

VEFRBTUkaN-VEFE&QmNs5VEFFACT$QN

VEFFBTU = Fuel economy by technology /T, in miles per MMBTU
VEFF = Fuel economy of technology IT, relative to gasoline baseline

Calculate AFV operating cost, by region:

COPCOST - .
ITISCIRA ?EFFBTU#QEN f”

COPCOST = Regional vehicle operating cost, in 19908/mile

Calculate utility of electnc and electnc hybnd vehlcles (]T 7-10)

g o = BEZ’{CONSJ' +BEJ'AVP VPR!CE

s ¥t BETAFC COPCOSTJ

E,B.ZRJ(

+ BETAVR: WGEJM.,X B’ . Bsmeu £~ EMISS3y5

* BEZ}(EMZ EMISS.?B_EI + BEDIF FAVMLSEM +:BETJF12 FA VAILS,,_,”,

VC3 = Utility vector for electric vehicles
BETACONST = Constant associated with each considered technology /T
COPCOST3 = Fuel operating costs for electric vehicles

VPRICE3 = Price of each considered EV technology in 19503

VRANGES3 = Vehicle range of the considered EV technology
EMISS3 = EV emissions levels relative to gasoline ICE's

FAVATL33 = Fuel availability for EV technologies

BETAVP = Coefficient associated with vehicle price

VETAFC = Coefficient associated with fuel cost

BETAVR = Coefficient associated with vehicle range

BETAEM = Coefficient associated with vehicle emissions

BETAFA = Coefficient associated with fuel availability
BETAVR2 = Coefficient associated with the square of vehicle range
BETAEM?2 = Coefficient associated with the square of vehicle emissions
BETAFA? = Coefficient associated with the square of fuel availability
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8) ExponenUate utlhty vector, and adJust by commercial ava.llablhty factor:

Evcsmw - EXP [Vcsn.’{mﬂ] ‘coz?;.c‘a}ifn;,,‘ (B-70)

where:
EVC3 = Exponentiated value of electric vehicle utility vector

9)  Calculate electric vehicle market shares, by region:
L EVC3,

APSHR33 = ”'M
.:: N Is'mv’rN (8‘71)
where:
APSHR33 = Relative '_market shares within the electric vehicle group
ALTERNATIVE FUEL VEHICLE MODEL Subroutine TALT2

1) Calculate weighted average characteristics of electric vehicles, and reconfigure technology
indices to reflect the compression of four EV technologies into one prototype:

10

’IF]SJTM = I; ¥ ey | APSHR3I3 (orp (B-72)
where:

F= VPRICE3, VEMISS3, VRANGE3, COMAV, COPCOST, FAVAIL33, and BETACONST

2) Calculate utility for alternatwe fuel vemcles (]T 3 13):

VC2p = BEmcoNsrz + BETAVP - rpzzzcmwm BET;FC copcosr.mm "

+ BETAVR - VRANGEZ,WA, BETAVR2- MGEZ,_‘, TN + BETAEM - EMISS2,, gy (B<73)
+ BETAEM2 'EMISSZM_,, + BETAFA FAVAIL2Z 1y + BETAFA2 ' F4 VAILZ’Z,‘;._R_Y
where:

VC2 = Utility vector for alternative vehicles
BETACONST?2 = Constant associated with each considered AFV technology
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COPCOST?2 = Fuel operating costs for alternative vehicles
VPRICE2 = Price of each considered AFV technology in 19908
VRANGE?2 = Vehicle range of the considered AFV technology
EMISS2 = AFV emissions levels relative to gasolirie ICE's
FAVAIL22 = Alternative fuel availability

3)  Exponentiate utility vector, and adjust by commerc1al avallablhry factor

EVC2 = EXP [ch ] * COMAV ‘ (B-74)

ITISRN T, JSE,N

where:
EVC2 = Exponentiated value of alternative vehicle utility vector

4) Calculate alternatlve vehlcle ma.rket shares by reg10n

VCZ .

- APSHR22 ”fmﬂ o ,
ISIRITH: (B-75)
where:
APSHR22 = Relative market shares within the aiternative vehicle group
AL TERNATIVE FUEL VEHICLE MODEL Subroutine TALT!

1)  Calculate weighted average characteristics of alternative vehicles, and reconfigure technology
indices to reflect the compression of eleven alternative technologies into one prototype:

13 P -
S I; ‘I’m ik ,,'{ . APSHRZZE g (B-76)
where:
P = VPRICE2, VEMISS2, VRANGE2, COMAYV, COPCOST2, FAVAIL22. and BETACONST2

~A Energy Information Administration
B-22 NEMS Transportation Demand Model Documentation Report -




2) Calculate unhty for all' vehlcles (IT = 1-3)

§
L
e
E

"f-:.j' BEI‘AI’P Vpxzczz,_,m,

+BET .C

- + BETAE’MZ EMLS'SI,m._y + BETAFA - FAVAIL;J,',W + BETAFAZ FA?AILII,UR "

where:
VC1 = Utility vector for conventional and alternative vehicles

BETACONST]1 = Constant associated with each considered technology
COPCOST1 = Fuel operating costs for conventional and alternative vehicles
VPRICEI = Price of each considered technology in 19903
VRANGE] = Vehicle range of the considered technology
EMISS1 = Emissions levels relative to gasoline ICE's
FAVAIL11 = Fuel availability

3) Exponentlate utlhty vector and adJust by commercial ava.llablhty factor

E;czmw-— EXP [VCIppcp N] . COMAV- N (B-78)
where:
EVC1 = Exponentiated value of vehicle utility vector
4). Calculate vemala market sha.res, I?Y region:
S APSHRJJMW . 3EVCI”"S’”} L 579)

S Lt

where:
APSHR11 = Relative market shares of conventional and alternative vehicles

5) Expand market share estimates to generate absolute market shares for each of the sixteen

conventional and.alternative technologies:
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a) For conventional vehicles (T = 16,15; ITI = 1,2)

APSHR44c 1 11 = APSHRII{S 2 J;' * APS’szzzmwz . (B80)

where:
APSHR44 = Absolute market share of technology /T

b) For non-electric alternative vehicles (IT7=1-6,11-14; IT] =3; [T2 = 5,6,3,4,8-13):

4F SH}?441.‘_§JRJT,-KZ: .“ffP SHRHmrzm,N ST (B-81)

c) For electric and electric hybrid vehlcles (IT 7-10 JTJ 3 H? 7 1T3 = 1—4)

APSHR44, ;o Apsmmmﬂ 4?531122 m *APsHmsme . (B82)
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LIGHT DUTY VEHICLE FLEET MODULE

LIGHT DUTY VEHICLE FLEET MODULE : Subroutine TFLTSTKS

1)  Calculate fleet acquisitions of cars and light trucks:

Hin

where:
FLTSAL = Sales to fleets by vehicle and fleet type
FLTCRAT = Fraction of total car sales attributed to fleets
FLTTRAT = Fraction of total truck sales attributed to fleets
SQTRCARS = Total automobile sales in a given year
SQTRUCKSL = Total light truck sales in a given year
FLTCSHR = Fraction of fleet cars purchased by a given fleet type
FLTTSHR = Fraction of fleet trucks purchased by a given fleet type
VT = Index of vehicle type: 1= cars, 2 = light trucks
ITY = Index of fleet type: 1 =business, 2 = government, 3 = utility

2) Determine total alternative fuel fleet vehicle sales. using either the market-driven or
legislatively mandated values :
FLTALT, = MAX [(FLTSAL oy * fLTAPsH;ég'I_;;)'»,"E.PAC'T,,mﬁ] (B-34)

where:
FLTALT = Number of AFV’s purchased by each fleet type in a given year
FLTAPSHRI = Fraction of each fleets' purchases which are AFV's, from historical data

EPACT = Legislative mandates for AFV purchases, by fleet type

3)  Calculate the difference between total sales and AFV sales (representing conventional sales):

FLTCONV ypyryy = FLISALyryryy = FLT#LTW,-Z}.Y:' : - (B35)

where: )
FLTCONV = Fleet purchases of conventional vehicles
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4)  Distribute fleet purchases a.mong three size classes

FLTSL;CA,,T ot FLTALTwﬁT * FLTSSHRWJTY s

and "_;;_i]- : - (8-86)

" FLTSSHR

= FLTCONVVT sz

FLTSLSCCWM’M. VT.ITY.IS .
where:
FLTSLSCA = Fleet purchases of AFV's, by size class
FLTSLSCC = Fleet purchases of conventional vehicles, by size class
FLTSSHR = Percentage of fleet vehicles in each size class, from historical data

IS = Index of size classes: 1 = small, 2 = medium, 3 = large

5) Disaggregate AFV sales by engine technology

FLTECHSAL 1 romrzcmr FLTSLS; ritr

FLTECHSAL 1y ix mrmcnr = FETSESCA oy (E-37)

FLTECHSALyy iy seriniin’s

where:
FLTECHSAL = Fleet sales by size, technology, and fleet type
APSHRFLTB = Alternative technology shares for the business fleet
FLTECHSHR = Alternative technology shares for the government and utility fleets
ITECH = Index of engine technologies: 1-5 = alternative fuels (neat), 6 = gasoline

6)  Sum sales across size classes:

- SR : :
FLTECH ;i 1o rocw =--z§i FLTECHSAL v scrrecir (B-88)

where:
FLTECH = Vehicle purchases by fleet type and technology
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7) Calculate surv1val of older vehlcles and modify vmta.qe array

FLTSTKI’NVTM s ,,m;; * ‘SURVFLTT

'f. FLT STK VN nm,zmcauma r-: V:t'.mN I

(8-89)

and

FLTSTKVNWMHECH R FLTECHVT Jmmm

where:
FLTSTKVN = Fleet stock by fleet type, technology, and vintage
SURVFLTT = Survival rate of a given vintage

8) A551gn ﬂeet vehmles of retirement vintage to another vanable pnor to removal from the fleet:

LDFST%ﬂmmcwzmr FLTSTKWWmmc&,Rmr Co L (B8

where:
OLDFSTK = Qld fleet stocks of given types and vintages, transferred to the private sector

RVINT = Retirement vintage of fleet vehicles: If ¥T=1,/7Y =123, RVINT =5,6,7;, If¥VT=1/TY=
1,2,3, RVINT=6,7,6

9)  Calculate total surviving vehicles, by vehicle, fleet type, and engine technology:

TFLTECHSTK yy e irecnr = M}; FLTSTK/NWMJTECHJWN’T ‘ (B-91)

where:
TFLTECHSTK = Total stock within each technology and fleet type

10) Calculate grand total of sm'viving vehicles:

TOTFLTSTK, = Z }: Z TFLTECH’STKW rmscar (892
VT =1ITY =1 ITECH =1}

where:
TOTFLTSTK = Total of all surviving fleet vehicles
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11) Calculate percentage of fleet stock represented by each of the vehicle, fleet types, and engine

technologies:
TFLT E CHS TK .
VESTKPF : VETEITECAT -
PT,ITY.!I‘ECHJ‘ i . ,TQTFL TSTK,. {B-93)
where:
VFSTKPF = Share of fleet stock by vehicle type and technology
LIGHT DUTY VEHICLE FLEET MODULE ’ Subroutine TLEGIS

This subroutine adjusts vehicle sales and market shares to reflect California's legislative mandates
on sales of zero-emission vehicles (ZEV's) and ultra-low emission vehicles (ULEV's), which have

also been tentatively adopted by New York and Massachusetts.

1) Calculate reglona.l vehicle sales, by technology, Wlthm three size classes

(N CSIR,OSC,N. +~' N LT SIR LOSCN ) {B-94)

VSA LES

SR =Y APSHRMISJR ;w

osC

where:
VSALES = Total disaggregate vehicle sales
APSHR44 = Absolute market share of new vehicles, by region, size, and technology
IS = Index of reduced size class (1-3)
OSC = Index of original size class (1-6)
NCS = Regional new car sales within corresponding size classes OSC:
IS=1,05C=23; IS=2,08C=1,6; IS=3,05C=4,5
NLTS = Regional new light truck sales within corresponding size classes OSC

IS=1,08C=12; IS=2,08C=3,4; IS=3,05C=5,6

2)  Calculate total regional sales of electric and electric hybrid vehicles:

ELECVSAL Z Z VSALES s 1o rr (B-95)
IS-[ IF=7

where:

ELECVSAL = Regional electric vehicle sales
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3) Calculate total vehlcle sales across all technolog1es

where:
VSALEST = Total regional vehicle sales, by size class

4) Calculate mandated sales of ZEV's and ULEV's by part1c1pat1ng state:

TME QI'RC‘ARS * STATESHRW,,, 0

where:
ZEVST = State-mandated minimum sales of ZEV's

ULEVST = State-mandated minimum sales of ULEV's
TMC_SQTRCARS = Total car sales, from the MACRO module

TMC_SQDTRUCKSL = Total light truck sales, from the MACRO module

STATESHR = Share of national vehicle sales attributed to a given state
ZEV = State-mandated minimum sales share of ZEV's
ULEV = State-mandated minimum sales share of ULEV's
ST = Index of participating state: CA, MA.NY
VT = Index of vehicle type: 1= cars, 2 = light trucks

5)  If mandated sales exceed actual sales, then adjust actual sales as follows:

a) Evenly d15mbute mandated sales among three size classes:

. zEvsT,
= STX-
ZEVSTSCorysy = —0

where:
ZEVSTSC = Mandated ZEV sales by size class and state

Energy lnformatlen Administration
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)*ZEV

(8-97)

= mc ;‘sgbmvcm; ATESHR iy ) * UEEY,

(B-98)




b)  Evenly distribute actual electnc vehxcle sales a.mong three size. classes:

ELECVSALSC,RM

i (B-989)
where:
ELECVSALSC = Regional ZEV sales within corresponding regions
IR = Corresponding regions: ST =CA, MA,NY;IR=9,12
c) Calculate mandated ZEV sales by EV technology (IT 7-10)
AVSALES,; 1) 17 zzrsrscsrm‘, X j' 'SHR33 ' (B-100)

where:
AVSALES = Regional adjusted vehicle sales by size class
APSHR33 = Relative market shares of electric vehicle technologies

d)  Reduce sales of gasoline vehicles (IT = 16) to compensate for increased ZEV sales in the
affected regions (IR = 1,2,9):

AVSALES; o mivone = VSALESEM“ o (ZEVSTSCEEN ELECVSALSCMJV) {B-101)

6) Reasmgn vehicle sales in unaffected regions (IR # 1 2 9)

AVSALES,g xrﬁ = VSALESIWW o (B-102)

7)  Sum adjusted vehicle sales across technologies:
160 :
AVSALEST ¢ =y E AVSALES, IRIT. ), . ' {B-103})

where:
AVSALEST = Total regional adjusted vehicle sales by size class
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8) Calculate new absolute market shares for each vehicle technology

K AVSALES,S 15 m,

- {B-104)
AVSALEST sy

. APSHR5S iy =

where:
APSHRS5S = Absolute regional market shares of adjusted vehicle sales

9)  Reset conventional vehicle market shares so that diesel represents 2.5% of conventional vehicle

sales:

16 R
Yy APSHzess mw « 0025
IT"IS Lo : i

1

| AP.SH‘?-SSQJRJLW‘—‘ISJ} .

' and {B-105}
16 ‘ ' - ' '
Yy APSHRSSMR i J, * 0975

=15 o

| APSHRSS 50 rrovsn

10) Calculate new fleet market shares for use with business fleets:
a) Calculate total vehicle sales by technology:

APSHR55IS s ( g}s'_:c NCS mosc N)

KN O

. v -
VSALESCI6 =;;1 g

and o o (ee)

VSALEST16, = 3. Z _APSHRSS,, . fe.;?(Z NLTSI&OSC ﬂ)
' IR=1 I8=) T\ osc. :

where:
VSALESC16 = Total new car sales by technology:
IS=1,0SC=23; IS=2,05C=16; IS=3,05C=4,5
VSALEST16 = Total new light truck sales by technology
IS=1,0SC=1,3; IS=2,05C=25; IS=3,05C=4,6
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b) . Calculate market shares by technology

VSALESC I Srw

(B-107}
where:
APSHRNC = Market shares of new cars by technology
APSHRNT = Market shares of new light trucks by technology
¢)  Sum market shares for a.ffected ﬂeet technologies:
APSHRFLTOTW L
. A _ - {B-108)
APSHRFLTOT N
where:
APSHRFLTOT = Aggregate market shares of fleet vehicle technologies
}'T = Index of vehicle type: 1 = cars; 2= light trucks
ITF = Index of fleet vehicle technologies, corresponding to /T =3,5,7,8,9
d)  Normalize business fleet market shares:
APSHRFLTB .
IS L s D pr=y arF,
PSHRFLT Q,.TW”' >
‘and’ ' © (B-109)

Apszfm,, v

APSHRFLTB yy. ey =

APSHRFLTOT reaw

where:
APSHRFLTB = Market shares of business fleet by vehicle type and technology
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1 1) Reset new car and hght truck sales using market shares mapped ﬁ'om three to six size classes:

- APSHR5 5

= N CSIR OSC‘.N’ 'ISJR.IT,N

- and | {B-110)

NLTSI&OSC g * AP,SHR.‘J‘5_,S it

where:
NCSTECH = Regional new car sales by technology, within six size classes:
0SC=1-6;15=2,1,1,3,3,2
NLTECH = Regional light truck sales by technology, thh six size classes
0SC=1-6;1S=1,2,1,323

LIGHT DUTY VEHICLE FLEET MODULE . Subroutine TFLTVMTS
This subroutine calculates VMT for fleets.

1) TUse historical data on ﬂeet vehicle travel to estimate total ﬂeet VMT:

FLTYMT 2” Z - (TFLTECHSTK,,TMMI

LTan.mJ) - {B-111)
T tAY = LIOECH = e .

where:
FLTVMT = Total VMT driven by fleet vehicles
FLTVMTYR = Annual miles of travel per vehicle, by vehicle and fleet type
VT = Index of vehicle type: 1= cars, 2 = light trucks
ITY = Index of fleet type: Business, Government, Utility
I/TECH = Index of fleet engine technology, corresponding to /T = 3,5,9,7,8

2) Disaggregate total VMT by vehicle type and technology:

FL VM T. ECH

i rejrzcns = FLVMTy * VFSTKPF T (B112)

YZ‘,ITY,ITECHJ

" where:
FLTVMTECH = Fleet VMT by technology, vehicle type, and fleet type
VFSTKPF = Share of fleet stock by vehicle type and technology
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LIGHT DUTY VEHICLE FLEET MODULE Subroutine TFLTMPG
This subroutine calculates fuel efficiency for the fleet stock

1)  Calculate the average efficiencies of the five non-gasoline technologies (TECH = 1-5):
ASHC 1y aianss'.
NAMPG i |

FLTMPGyr .\ rysrsce =

(B-113)

~ A EMSHLT e
FLTMPG g iy rece = ) Qe RERECHIS - 3
i5=1 NAMP Gy * RATIO |

where:
FLTMPG = New fleet vehicle fuel efficiency, by fleet type and engine technology
FMSHC = The market share of fleet cars, from the AFV model '

FMSHLT = The market share of fleet light trucks, from the AFV model

NAMPG = New AFV fuel efficiency, from the AFV model
IT = Index which matches technologies in the AFV model to corresponding /T, ECH:

ITECH=1-5,IT=42,7,5,6

IS = Index of reduced size class (1-3)
VT = Index of vehicle type: 1 = cars, 2 = light trucks

7)  Calculate the average efficiencies of conventional vehicles:

FLTMPG p_, rryyrsce = |22

. and U A © (B-114)
s PMSHL Ty rcinis |

5<1 o FET3SCys.

FLTMPG yyroy ry;rece =

where:
FEC3SC = New car MPG, by three size classes, from the FEM model
FET3SC = New light truck MPG, by three size classes, from the FEM model
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3) Calculate the average ﬂeet MPG for cars and hght ‘a'ucks

S f &, . FLTECH.: et

23: Z VTJS.D'ECH,N

IS=t ITECH=1 FLTMPGWJSJTEG{N

- FLTMPGIOT y, = | ——— _
R 303 FLTECHWMECW

| 1521 IDECH=1 - ]

where:
FLTMPGTOT = Overall fuel efficiency of new fleet cars and light trucks
4) AdJust vmtage array of ﬂeet stock eﬁic1enc1es to account for new addmons

MPGFSTK ,,T m,m;cgm.r = MP GF s T x, vr,m',lmcam-u-]

g and:

; MPG FSTKWJTYMCHJVWﬂr = FLIME Gyrmrrimeca b -
where:

MPGFSTK = Fleet MPG by vehicle and fleet type, technology, and vintage
IVIN = Index of fleet vintages

5)  Calculate average fuel efficiency by vehicle and fleet type:

FLTSTKVN ;,rm_m:cxm.r' "
MPGFLTSTE, MEZET | MPGFSTR r oy ocpmvmer = VDF 7
PTJZT,H?.CH-T el { TFL T.ECHSTK}?{JTIJECE.T )

where:
MPGFLTSTK = Fleet MPG by vehicle and fleet type. and technology, across vintages
MAXVINT = Maximum [VIN index associated with a given vehicie and fleet type
VDF = Vehicle degradation factor
TFLTECHSTK = Total fleet stocks by vehicle, fleet type. and technology

6) Calculate overall fleet average MPG for cars and light trucks:

3. & VFSTKPFyiyprccw:

FLTTOTMPG,.. =| 3.
4 IIY=1ITECH =1 MPGFLTSTKVT,{TYJTECHI

where:
FLTTOTMPG = Fleet vehicie average fuel efficiency for cars and light trucks
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LIGHT DUTY VEHICLE FLEET MODULE Subroutine TFLTCONS
This subroutine calculates fuel consumption of fleet vehicles.

1)  Calculate fuel consumption:

- FLTVMTECH i

VIITLITECHT —  prpoprrsTi

FLTLDVC {B-119)

VIIIYJTECHT

where:
FLTLDVC = Fuel consumption by technology, vehicle and fleet type

2)  Sum consumption across fleet types, and convert to Btu values:

FLTFCLDVBIUp o = IZ FLTIDYC oot ien OB Upppey  (BA120

7Y =1

where:
FLTFCLDVBTLU = Fuel consumption, in Btu. by vehicle type and technology
QBTU = Energy content, in BrwGal, of the fuel associated with each technology

Consumption by trucks and cars are added, and total consumption is subsequently divided among

regions:

.
FLTFCLDVBTURp rpepr = V#\; FLTFCLDVBIU ooy r * RSHRp . (B-121)

where:
FLTFCLDVBTUR = Regional fuel consumption by fleet vehicles, by technology
RSHR = Regional VMT shares, from the Regional Sales Module
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LIGHT COMMERCIAL TRUCK MODEL Subroutine TCLTSTK

1) Calculate LCT sales:

LT_CLIT, = MC_SQDTRUCKSL, * LTI0K = lef ' (B-122)

where:
LT_CLTT, = Sales of light trucks less than 10,000 pounds
MC_SQTRUCKSLy = Total sales of light trucks, from the Macro Model
LT10K = Fraction of Light Duty Trucks with a gross vehicle weight of less than 10,000 pounds

2) Divide LCT sales between 2- axle 4-t1re and other smqle-umt (OSU) trucks

CLTSALzMT =IT. CLTT, * LT2A4
| and N (X P
‘ CLTSALOSU, = LT_CLIT, = LTOSU -~

where:
LT2A4 = Fraction of new light trucks of the 2-axle. 4 tire configuration

LTOSU = Fraction of new light trucks of other configuration

3)  Divide sales of both truck types into pickup and non-pickup styles for trucks berween 8.500
and 10,000 pounds:

CLTSAL244TS,, , ,, = CLTSAL244T, * LTZA4CLT,3M :
" and B T Bz
CLTSALOSUS,, , = CLISALOSU, = LTOSUCLT,,, '

where:
LT2A4CLT,,, = Fraction of 2-axle, 4-tire trucks berween 8.5 and 10 thousand pounds. by style
LTOSUCLT,,, = Fraction of other single unit trucks berween 8.5 and 10 thousand pounds, by style
istvl = Index of truck style: 1 = pickup, 2 = other
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4)  Allocate sales among the aggegate major-use groups

CLTSAL,, 1y 1y = CLTSAL244TS, ., 0 (:1::f'.srcsma,x ot e  fris =1
and ' (B-125)
CLTSAL,, . von = CLTSALOSUS, ;.. * CLTSICSHR,, ot S foris =2

where:

CLTSICSHR = Share of LCT sales allocated to each major-use group, by tfuck type and style
is = Index of truck type: 1 = 2-axle, 4-tire; 2 = other single-unit truck
Index of major use group: 1 = Agriculture; 2 = Mining; 3 = Construction; 4 = Trade: 5

= Utilities; 6 = Personal

isic=

5)  Update LCT stocks to reflect survival curve a.nd sales:

CLTSTK:; istyl, isic = CLTSTK;: tstyl, isic N:.l '- it s syl isic N (B-126)
where: .
CLTSTK = Light commercial truck stock
SURVCLT = Percentage of previous year’s stock which gets carried over, by truck type
LIGHT COMMERCIAL TRUCK MODEL Subroutine TCLTVMT
6) Estimate the VMT demand for LCT’s, by sector:
CLTVMT CLTVMT, o CHSIC“‘“ d (B-127)
= *. , R
s dstyl, isic N i f.vtyi fsfc N T
: ) - CLTSIC iaic 3 -1
where:
CLTSIC,.= Aggregate measures of industrial output for sectors 1-5; level of personal travel demand

for sector 6.

7 Esumate new LCT fuel economy, assuming that growth from baseline (1992) values parallels

that of other light-duty trucks:
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o '-'NCLTMPG;:,,-.W;‘,"X.C;#Qf; - {B-128)

where:
MPGT = Light-duty truck miles per gallon (gasoline technology), from the LDV Stock Module

8) Incorporate new LCT estimates into existing stock:

-1

) * JIDFRF Gf’} (B-129)

where:

CLTMPG = Stock MPG of light commercial trucks, by truck type and style _
LTDFRFG = Scaling factor, associated with the increased use of reformulated gasoline

LIGHT COMMERCIAL TRUCK MODEL "Subroutine TCLTMPG

' 9)-  Calculate aggregate sales-weighted new LCT MPG:

;' ‘ " ( CLTSAL,, yot e 2 1 B
L > EEcmAL,,mm; 11 . (B30
NCLTMPGT Z Z }: o ke

is  istyl e NCLTMFPG

s ooyl feic N

10)  Calculate VMT-weighted stock average MPG for light commercial trucks:

S ZEECUVMT:.:, w}:h:" €
CLTMPGT,, E }: ) ( ot e ”

iz syl fsic CLTMPG,

(B-131)

LT ~1
CLIVME, e ) ,
—il

iz, i3ty 13ic, N’
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LIGHT COMMERCIAL TRUCK MODEL Subroutine TCLTCON

11)  Calculate fuel consumption in gallons and Btu’s for each truck type. style, and major-use

category:

CLTVMT, .
CLTGAL, .\ o = uv.fwz fﬂc‘N.
e CLTMEG, e

and - | (B-132)

CLTBIU, 1) on = CETGA

12)  Calculate total Btu consumption by light commerc1al trucks by summmg over the mdices:

CLTBIUT, Z 2 ECLTBT i3 myl iste Jf N (B-133)
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LIGHT DUTY VEHICLE STOCK MODULE

LIGHT DUTY VEHICLE STOCK ACCOUNTING MODEL Subroutine TSMOD

Sum across size classes and reglons to obtam vehlcle sales by technology

(B-134)

i 'R,osc,zr,'f

TECHNCS = Total new car sales, by technology
TECHNLT = Total new light truck sales, by technology
NCSTECH = New car sales, by regi'on, size class, and technology, from the AFV Module

NLTECH = New light truck sales, by region, size class, and technology
OSC = Index of size class (1-6)
IR = Index of region (1-9)
IT = Index of vehicle technoiogy (1-16)

2) These variables are assigned to the first vintages of the automobile and light truck stock

arrays, and the population of subsequent vintages are calculated:

a) For VINT = 2-9:
PASSTK e = PASSTE pyn oy * SSURVP

- and: e (B-135)

LTST Krromrr = PISTR rymr-1r-1 ™ SSURVLT ypyr-,
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-b) For VINT = 10:

PASSTK  yrr 1o = (PASSTKJTW_QJ.I: £ SSURVP . )
"' (PASST Ifir;mzelo,r-l * SSURVP FIiT= 10)
T e (B-136)
LTSTKZTVINT =107 (I‘TSTKzrmr~9r -1, :
S j:S'SUk VLT yrrero )
where:

PASSTK = Surviving automobile stock, by technology and vintage
LTSTK = Surviving light truck stock, by technology and vintage
SSURVP = Fraction of a given vintage's automobiles which survive
SSURVLT = Fraction of a given vintage's light trucks which survive
VINT = Index of vehicle vintage (1-10)

3) Add retired fleet vehicles to the appropnate vmtage of the non-ﬂeet popula’uon
PASSTK jp o = PASSTKmm #°0LD;

Van;i.. (B-137)

LTST .y = LTSTKIT’WIM. b OLDFSTKJ,TQ TTPRITECHTVIND

where:
OLTFSTK = Number of fleet vehicles rolled over into corresponding private categories
TVINT = Transition vintage: vintage at which vehicles of a given type are transferred
TYPE = Type of fleet vehicle: Business, Government, or Utility
ITECH = Index for the six fleet vehicle technologies: mapped to corresponding /7 index

4 Sum over vintages and technologies to obtain total stocks of cars and light trucks:

i}

STKCAR, Z Z PASST Krromiz

VINT =1.3T =1
and: {B-138)

10

E z LTSTK ITVINT,T

VINT =1 [T'=1

STKTR,

- Energy Information Administration
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where:
STKCAR = Total stock of non-fleet automobiles in year T
STKTR = Total stock of non-fleet light trucks in year 7’

5) Calculate LDV shares of each technology:

S S e 2 ,(PASSTKITV}NTJ‘. :TST_{;H err}
T VSPLDVH‘,T =:,_.;fm7:_.; = :

(B-139)

STKCAR + SZ’KTR

where:
VSPLDV = The light duty vehicle shares of each of the sixteen vehicle technologies

LIGHT DUTY VEHICLE STOCK ACCOUNTING MODEL Subroutine TMPGSTK

1) Map non—gasoline vehicle sales from six to three size classes (IT=1-15):

-jzms'3,4,s ,uf =3 }: NCSTECHm ascir
0SC IR=1 S E

{B-140)

where:
NCS3A = New car sales by reduced size class and engine technology:
IS=1,05C=1,6; IS=2,05C=23; IS=3,05C=45
NLT3A = New light truck sales by reduced size class and technolgy:
IS=T,08C=1,3; IS=2.0SC=2,5; IS=3,0SC=4,6
NCSTECH = New car sales by region, technology, and six size classes
NLTECH = New light truck sales by region. technology, and six size classes

2) Calculate total regional sales of vehicles by reduced size class:

Energy Information Administration
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(B-141)

where:
NCSR = Regional new car sales by reduced size class
NLTSR = Regional new light truck sales by reduced size class

Sum across regions

3)
NCS35C,
(B-142)

NLTS38C, . =) R

where:
NCS3SC = Total new car sales by reduced size class
NLTS3SC = Total new light truck sales by reduced size class

Sum conventional vehicle sales across regmns
= Z NCSTECHm osc.7- retsr
' (B-143)

4)
NNCSCAyq.
 IR=1

NNLTCAOSCT = Z NLTECH,R osw,m -

where:
NNCSCA = New conventional car sales by six size classes
NNLTCA = New conventional light truck sales by six size classes

Calculate average MPG within reduced size classes

3)
Energy information Administration
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o NCMPG i
osc - ¢ 2

and {B-144)

NCMPGW&&SCT S

AMPGTW .‘2 Sl
o LosE 2

where:’
AMPGC = Average new car MPG mapped from six to three size classes:

IS=1,05C=23; IS=2,05C=1,6; IS=3,05C=4,5

AMPGT = Average new truck MPG mapped from six to three size classes:
IS=1,08C=1,3; IS=2,08C=2,5; IS=3,08C=4,6

VT =Index of vehicle type: 1= cars, 2 = light trucks

6) Calculate ratio of truck to car MPG by size class

AMPGT :
AMP G_C:IS,’I‘-‘ 2

@TIOM {B-145)

-

where:
RATIO = Light truck-MPG adjustment factor

7 Calculate the average eﬁic1en01es of the fifteen non-casolme technolog1es

2 NCS.‘:’A,SJM. I

et NAMPGH JST :

 MPGC, =

Z NCS3A mm
L 15=1

{B-146)

and;

' i NLT34; 07

15=1 NAMPGppor * RATIO -

3
Y NLT3Ao, ;-
Is=t i ]

| MPGT,. =

where:
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MPGC = New car fue] efficiency, by engine technology
MPGT = New light truck fuel efficiency, by engine technology -
NAMPG = New AFV fuel efficiency, from the AFV model

8) Calculate new vehicle MPG for gasoline ICE's (IT = 16):

MPGCyp 57 = |—

(B-147)

MPGI 7 =

where:
NCMPG = New car MPG, from the FEM model
NLTMPG = New light truck MPG, from the FEM model

9) Calculate average fuel efficiency across all technologies for cars and light trucks:

(B-148) -

1B APSHRNT,, |
ANTMPG, =] ¥ i dBE}
= MEGTyg

where:
ANCMPG = Average new car MPG
ANTMPG = Average new light truck MPG
APSHRNC = Absolute market share of new cars, by technology, from the AFV model
APSHRNT = Absolute market share of new light trucks, by technology, from the AFV model

. Energy Information Administration
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10)

"where:

11)

where:

Calculate total energy consumptl.on

Calculate total miles dnven by each type of vehlcle

Z PASSTKITMT

{B-149)

TOTMICT = Total miles driven by cars

TOTMITT = Total miles driven by iight trucks
PVMT = Average automobile VMT, by vintage, from RTECS
LVMT = Average light truck VMT, by vintage, from RTECS

350 PASST X

IE.T *
H'E X I;Za CMPGSTX

(B-150)

46 19 [TSTK: :;k:-:i,'Vllﬁ" o

E Z ITIV.T

A 1 TIMPGSTE 1 # ¥DE;,

CMPGT = Automobile stock MPG
TMPGT = Light truck stock MPG
CMPGSTK = Automobile stock MPG, by vintage and technology
TTMPGSTK = Light truck stock MPG, by vintage and technology
VDF = Vehicle fuel efficiency degradation factor: ¥T =1 for cars, ¥T = 2 for wrucks
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12)  Calculate stock fuel efficiency:

TOTMICT,
SCMPG, = ———t 1
oMper;

a‘n{i;" R (B-151)
TGTMITT '

STMPG,

where:
SCMPG = Stock MPG for automobiles
STMPG = Stock MPG for light trucks

13)  Calculate average fuel efﬁ01ency of light duty vehlcles

: TOTMICT e TOTMITT .
MPGFLT, = : (B-152)
‘CMPC.-‘.I,;.#:TM??.,GZ‘T S :

where:
MPGFLT = Stock MPG for all light duty vehicles

14)  Calculate average fuel efficiency by technology

1 PASSTK s * Pm o LTSTK ., * LVMT,

3

71 CMPGSTK 7 pyr * VDEn.:l - Tt TTMPGSTR oy * VDF,,” (B-153)
TOTMICT, + TOTMITT,

MPGTECH ;. =

where:
MPGTECH = Average stock MPG by technology

Energy information Administration
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" VEHICLE MILES TRAVELED MODEL Subroutine TVMT

1) Calculate the cost of driving per mile:

_ TPMGTR, * 0.125
v - COSTMI. = - (B-154)
A - MPGFLT, - .

where:
COSTMI = Cost of driving per mile
TPMGTR = Price of motor gasoline
MPGFLT = Fuel economy of the automobile fleet
0.125 = Conversion factor for gasoline, in MMBtu/gallon

2) - Calculate per capita income:
B TMC_YD, - ‘

. INCOME, = — {B-155)

- TMC _POPAFO. -

where:
INCOME = Per capita disposable personal income
TMC_YD = Total disposable personal income, from MACRO module
TMC_POPAFO = Total population, from MACRO module

3) Calculate unadjusted VMT per capita:
VMI16, = RHO - VMIPC,. K + ALPHA(1—RHO)

- BETAPE (COSTML. - RHO ~COSTMI,_,)
i ' : (B-156)
+ BETAIE (INCOME, - RHO*INCOME )

= BETADEM (PrFem. - RHO - PrFem.__,)

where:
VMT16 = Per capita VMT for persons 16 and older
ALPHA = Constant parémeter for the VMT difference equation
BETAPE = Parameter associated with the cost of driving
BETAIE = Parameter associated with disposable persoal income
BETADEM = Parameter associated with demographic influences

Energy information Adminlstra‘tlon
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4)

where:

where:

6)

where:

7)

where:

PrFem = Ratio of per cépira female driving to per capita male driving.
RHO = Lag factor, estimated using the Cochrane-Orcutt iterative procedure to be 0.72.

Calculate adjusted VMT per capita:
ADJVMTPC, = VMT16, - DAF, " | (B-157)

ADJVMTPC = Demographically-adjusted per capita VMT
DAF = Demographic adjustment factor

Calculate total VMT:

VMTLDV, = ADJVMIPC, % TMC_POPIS, - . (B158)

VMTLDV = Total VMT for light duty vehicles

Calculate net VMT, subtracting off fleet and light truck freight VMT:

VMTEE, = VMILDV, - (FLTVMI, +FVMISCy., ;) (B-159)

VMTEE = VMT for personal travel
FLTVMT = Fleet VMT
FVMTSC = Freight VMT by size class

Calculate VMT by technology:

VMTECH T = VMTIEE, * VSPLD VIT,T {B-160)

VMTECH = Personal travel VMT by technology
VSPLDV = Sales shares of vehicles by technology
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8) Calculate fractional change of VMT:
: e | VMTEE,

, HDVMT T r—— - P : -
. T yMTEE. -~ (B-181)
where:
XLDVMT = Fractional change of VMT over base year (1990)
VEHICLE MILES TRAVELED MODEL Subroutine TFREISMOD

1) Ca.lculate hght truck sa.les dedlcated to freight:

TRSAL

—gg»o 408427 * TMC SQDTRUCKSL L (B-162)

where:
TRSAL = Light truck sales for freight
TMC_SQDTRUCKSL = Total light truck sales, from MACRO module

2) . Calculate sales by technology

TRSALTECH = TRSAL: * FLVMTSHRIS SUTT . {B-183)

where:

TRSALTECH = Light truck sales by technology
FLVMTSHR = VMT-weighted shares by size class and technology

3) Add to vintage array and adjust stock survival:

- TRSTKTECH,.,; = TRSALTECH;,

TRSTKTECH,;p,; = TRSTKTECH 15,1y * SSURVLT,- § IV =2-9
o and - (B-164)

TRSTKTECH ;1107 (TRSIKTECH,, ozt * SSURVLI )

+ {TRSTETECH 1y 6.5y *-SSURVLT )
where:
TRSTKTECH = Light truck stock by technology
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SSURVLT = Array of survival rates for light trucks’

4) Sum over vintages:
19
TRSIKTOT ; = ¥y TRSTKTECH,T -
=i -
where:

TRSTKTOT = Total light truck stock by technology

5) Sum over technologies:
. IRSTK, =

where:
TRSTK = Total light truck stock

6) Calculate average MPG for light trucks:
s | i"}ésrxfézf
FMPQ

EI,ITT":.':A

TRFLTMPG, = k
Z msz‘xroz;” K

ir=1 )

where:
TRFLTMPG = Average light truck MPG

- Energy Inforrmation Administration
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VEHICLE MILES TRAVELED MODEL Subroutine TMPGAG
This subroutine calculates aggregate fuel efficiencies for cars and light trucks.
1) Sum fleet vehicle sales over size class:

FLT ECHSALT

VT,ITY,H'EC {B-168)

3 .
= ISZ; FLTECHSALyp srecar
where:
FLTECHSALT = Vehicle purchases by fleet type and technolgy
FLTECHSAL = Fleet sales by size, technology, and fleet type
VT = Index of vehicle type: 1= cars. 2 = light trucks
ITECH = Index of engine technology (1-6)
ITY = Index of fleet type: Business, Government, Utility
IS = Index of size class (1-3)

2) Calculate new vehicle MPG:

| 23: FLTECHSALTWJTY macir- |

Ciremo o n o N gym FLTMPG; S
FLIMPGNEW yy o = | —— A TECET  (B-168)

Ié\':i FLTECHSALTWMJTEGU

where:
FLTMPGNEW = New fleet vehicle MPG by vehicie type and technology
FLTMPG = Fleet vehicie MPG by vehicie type. size class, and technology

3) Sum fleet stock across fleet types:

3
Y FL TECHSTK. (B-470)

ITY =1

FLTSTOCK,

VTITECH.T VJ'JTYJJECH T

where:
FLTSTOCK = Total fleet vehicle stock. by technology
FLTECHSTK = Total fleet vehicle stock, by technology and fleet type

Energy Information Administration
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4) Calculate average MPG of fleet and non-fleet vehicles, by technology:

a) For cars:

‘ TECHNCSITI . ELISTOCK 1 ey 1
MPGCy ) 2‘7‘1..1‘.?1:{1"G)’\Q"JW;,T,I ITECHT {B-171) -
TECHNCSH.; . FLZ’STOCKVT ;,Imcmr

CCMPGLDV,, =

where:

CCMPGLDV = New car MPG, by technology IT
IT = Index of vehicle technology (1-16)
ITECH = Index of fleet vehicle technologies which correspond to the /T index
TECHNCS = Non-fleet new car sales, by technology IT
MPGC = New car MPG, by techmology IT
FLTSTOCK = New fleet stock, by vehicle type and technology /TECH
FLTMPGNEW = New fleet vehicle MPG, by vehicle type and technology JTECH

b) For light trucks:

TECHNLT ;|- . [+ FLTSTOCKW-wgcm

MPGT,,,. - FLTMPGNEW, - {B-172)

TTMPGLDV,, . = . e
TECHNLT e FLTSTOCKyr:\zJT!‘;CH,T

where:
TTMPGLDYV = New light tuck MPG, by technology /T
TECHNLT = Non-fleet new light truck sales, by technology /T
MPGT = New light truck MPG, by technology /T

thn

Calculate total stock by‘vehicle type and technology:

STOCKLDV, ... = STKCT ;. + FLISTOCK o0 (B-173)

where:
STOCKLDV = Total stock of fleet and non-fleet vehicles, by technology
STKCT = Stock of non-fleet vehicles, by technology
IT = Index of vehicle technology (1-16)
IT? = Reassigned indices of vehicle technology /72 = 1-16; /T = 16.15,1-14

_ Energy Information Administration
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ITECH = Index of fleet technologies which map to corresponding /T and JT2 as follows:

IT2=1,3,5,7,8,9; IT = 16,1,3,5,6,7; [TECH = 6,1,2,3,4,5

6) Calculate total stock across technologies:

ISTOCKLDV ., = }: srocxwvmm
RN AN ¢ # £}
where:
TSTOCKLDV = Total stock by vehicle type VT .

7 Calculate average MPG of cars and light trucks:

- TMPGLDVSIK, i "

x| STOCKLDV

E VI’"Z;H?.?

#m | TTMPGLDVi;

TMPGLDVSTK prear =
S 2 STOCKLDV ,m”
1r2=t

where:
TMPGLDVSTK = Average MPG by vehicle type VT

3) Calculate overall average MPG of light-duty vehicle fleet:

- B :_'-_1 .
TSTOCKLDV pip _W ~
. TMPGLDVSTK,,. '

rr=1
TLDVMPG, =

2

Y ISTOCKLD Vorr
yT=1

where:
TLDVMPG = Average fuel economy of light-durty vehicles
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NEMS Transportation Demand Model Documantation Report

(B-174)

 (B-175)

(B-175)




FREIGHT TRANSPORT MODULE

HIGHWAY FREIGHT MODEL Subroutine TFREI

Estimate New Truck Fuel Economies

1) Calculate the average fuel price over the previous three years:

(PRICE, ey, + PRICE . gy + PRICE, ., ppyy )

T.FUEL : TS (B-177)

AVGPRC

where:
T = Index referring to model run year; where 7= 0,...,23

FUEL = Index referring to fuel type, where FUEL = 1 refers to diesel, FUEL = 2 refers to gasoline.
FUEL = 3 refers to LPG and FUEL = 4 refers to CNG
AVGPRC = Average price of fuel FUEL over three year period, in $ per MBtu
PRICE = Price of each fuel, in $ per MBtu

2) If the technology has not yet entered market and the average price is greater than the
technology’s trigger price, the technology enters the market during the current year: ’

For TECH =‘;-=:6:..L,1$

I AVGPRC, gy 2 F RIGP Rcsc FUEL,TECH

[ {B-178)

INITYR o0 pypy rrecr =T

where:
TECH = Index referring to fuel-saving technologies, where TECH = 1,...,5 refers to currently available
technologies and TECH = 6,...,16 refers to future technologies

SC Index referring to truck size class, where SC = 2 refers to medium trucks and SC =3 refers to

heavy tucks
INITYR = Year in which technology TECH enters market '
TRIGPRC = Exogenously determined fuel price at which technology TECH becomes economically viable

o Energy Information Administration
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3) If a future technology enters market in the current year, coefficients for the logistic market

penetration curve are determined:

in(0.01)

CYCLEge pypr 120w }
L2 YL

- COEF I'sc FUSL,TECH [

. B-179
and A )

‘ Cfdaéc.rm.ﬁaz :

MID Y?&c,fm.rzcg = T, YRsc JFUEL,TECH ~ [ 0 }

where:
- COEFT = Endogenously determined logistic market penetration curve parameter

CYCLE = Exogenously determined logistic market penetration curve parameter representing number of
years until 99 percent of maximum market penetration
MIDYR = Endogenously determined logistic market penetration curve parameter

4) For each technology which has entered the market, and for existing technologies, the effect of
fuel prices on market penetration is determined for the current year:

AVGP? RCT _—
TRIGP. Igcsc,z-‘czsz, JTECH

- 1| (B-180)

(ormee et petaiansy

PREFFT.SC,FUEL,TECH =1+ PRCVARSC,FUEL,’}IECH ’

where:
PREFF = Effect of fuel price on market penetration rates for six fuel-saving technologies

PRCVAR = Exogenously determined fuel price sensitivity parametsr for each technology, representing
percent increase in technology market share if fuel price exceeds trigger price by 100%

5) For each available technology, including existing technologies, the model determines its share

of the available market in the current vear:
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For TECH = 1,5 "

TECH.

T.5cFUELIECH © i {PREFF T.5C, FUEL, TECH [BSHR ac.mcxn

’ k cm;m; + COEFT, T
(ESHRTscmm BSHRTSC mcg} {I- —e T i }} s 1

(B-181)

where:
TECHSHR = Market share of fuel-saving technology TECH for size class SC and fuel type FUEL
CONST = Exogenously determined market penetration curve parameter for existing technologies
COEFT = Market penetration curve parameter; exogenous for existing technologies, endogenous for

future technologies
BSHRT = Exogenously determined market penetration curve parameter representing market share of
existing technology TECH in 1992
Exogenously determined market penetration curve parameter representing final market share
of technology TECH if fuel price were always equal to trigger price

ESHRT

6) Ifatechnology A is superseded by another mutually exclusive technology B at any time during
the model run, technology A’s market share must be adjusted to reflect the smaller pool of vehicles

in its base market:

TECHSHR: s rygr recn = {1~ 5P RSDEF. , 1,5C,FUEL; rsc&) " TECHSHR; 5 rypy 1pcB-182)

where:
SPRSDEFF = Superseding effect, equal to the market share of the superseding technology

7) Determine MPG effects:

16

MPGEFF_ o e = 1] (1 = MPGINCRy ry rocq * TECHSHR, oo riry rrcr) (B-183)
TECH =1

where:
MPGEFF = Total effect of all fuel-saving technologies on new truck fuel economy in vear T
MPGINCR= Exogenous factor representing percent improvement in fuel economy due to each technology
B Energy Information Administration
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8) Fuel economy of new medium and heavy trucks can finally be determined:

where: .
BASEMPG = Fuel economy of new medium and heavy trucks with no fuel-saving technologies

Determine the Share of Each Fuel Type in Current Year’s Class of New Trucks

9) Calculate the fuel cost per mile for trucks of each size class and fuel type:

- (B-185)

where:

FCOST = Fuel cost of driving a truck of fuel type FUEL, in dollars per mile
HTRATE = Heat rate of gasoline, in million Btu per gallon

10) Calculate the fuel cost of dnvmg d1ese1 tfucks relatwe to AFVs:

.cosz', I
Eg;QS:T?.SC.FUEL =t.

gy '-'m_cgg  {B-186)

where: .
RCOST = Fuel cost per mile of diesel relative to LPG and CNG
PRCDIFFVAR = Exogenously determined parameter representing inherent variation in AFV market share due

to difference in fuel prices

11) Determme the market penetratlon curve pmametem durmg a user-specified trigger year:

ln(ogﬁ'z)
FUEL‘.F%T l‘ y Wscrm
and @
T —TRYRAF sc. FUEL,FLT
Energy information Administraton B-39
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where:
FLT = Index referring to fleet type, where FLT = 1 refers to trucks in fleets of nine or less and
FLT=2 refers to trucks in fleets of ten or more
Endogenously determined logistic market penetration curve parameter
Exogenously determined logistic market penetration curve parameter representing number of

COEFAFV
CYCAFV

years until maximum market penetration
MYRAFV = Logistic market penetration curve parameter representing “halfway point” to maximum market

penetration
Exogenously determined year in which each alternative fuel begins to increase in market share,

due to EPACT or other factors

TRYRAFV

12) The AFV market trend is determined through a logistic function:

MPATHJ‘ sc.mm.ﬂr =K

~ BSHRFg: zper ecr . 1 {8-188)

W‘"xcmzm l‘" 'ﬂm”scm:._rzr)

where:
BSHRF = Base vear (1992) market share of each fuel type
ESHRF = Exogenously determined final market share of each fuel type

13) Forecast the share of diesel in conventional truck sales:

MPATH o rympot,mur = BSHRFSC FUELFIT *
. el (B-‘l 88)
[ ESHRFSC -t,TOHSD“_. oz coxn,c g :)

where:
Exogenously determined market penetration curve parameter for diesel trucks

Exogenously determined market penetration curve parameter for diesel trucks

[

CONSD
COEFD

It

14) The actual AFV market share is thus calculated as the maximum of historical and forecast

shares:

FSHR; spe,sc rusp=s,4.r = DX {‘BSECSEC .SC. FU’EL FLT > MP AT Hr,sc FUEL FLT] (B-190)

where:
BSEC = Exogenously determined base year (1992) share of alternative fuels in truck purchases
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15) Diesel market share is calculated as the forecast share of diesel in conventional truck sales
multiplied by the share occupied by conventional trucks:

{B-191)

where:
BSECD-= Exogenously determined parameter representing tendency of each sector to purchase diesel

trucks

16) The remainder of truck purchases are assumed to be-gasoline:

.... {B-192)
Determine Composition of Existing Truck Stock
17) Scrappage rates are apphed to the current truck populahon
TRKSTKT SEC. 5 T R'KSTKZ'-I SEC SC.&GE H FUEL FL!'- MPSC.AGS'Z) b (8'193)

where:
TRKSTK = Stock of trucks in year T -
SCRAP = Exogenously determined factor which cousists of the percentage of trucks of each age which

are scrapped each year

18) A number of trucks are transferred in each year from fleets of ten or more to fleets of nine or
less Transfers of conventzonal trucks are based on exogenouslv determmed transfer rates:

. nzn,m . ME P TRFRATESC JGE - TRKSTK,. T JG,_, rozz i (B-184)

where:
Number of trucks transferred from fleet to non-fleet populations, if no restrictions are placed

il

TRF1 f
on the transfer of alternative-fuel trucks
Exogenously determined parameter representing the percentage of trucks of each vintage to

be transferred from fleets 1o non-fleets in each year

TRFRATE

I
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19) Restricted AFV transfers are calculated as follows:

TRF2; grc scaczrueresn = FSHRE gr oo rueropprer ~TRFRATE

G L TRESTK f ot sciGE FUEL.FLT=t {B-185)

where:
TRF2 = Number of trucks transferred from fleet to non-fleet populations, if the fuel mix of fleet
transfers is exactly the same as the fuel mix of new non-fleet purchases

20) Actual fleet transfers are then defined as the unrestricted fleet transfers as calculated in TRF!
for conventional trucks, and the minimum of unrestricted and restricted transfers for AFVs:

TRE; sec,sc,46E,FUBL=1,2

TRF T,sxc,sc,xséfvnés,z;?ft IR {2

where:

TRF = Total number of trucks transferred from fleet to non-fleet populations

21) Allocate fleet transfers based on each sector’s share of the total non-fleet truck population of
each vintage of trucks:

BT SEC,SC,AGE FUEL FLT=1

TRESHR {B-197)

7,8C.SEC

T SECISC AGE FUEL FIT=1.

where:
TRFSHR = Share of fleet transfers which goes to each sector

22) The new existing population of trucks is simply the existing population (after scrappage)
modified by fleet transfers: '
TRKSTK ;¢ sc.a6EFuer Fir=2 = mrxnsxc.s%é&z.mz;;s_zrxz ‘.'"TRF 7,

2T SEC,5C,46E FUEL
d o
ana _ _ {B-198)
B LI T LT AR e -2 :
TRKSTKr cec scce.sver.murer = TRESTK g sc agrpom sarer + TRESHRY rp s EA?J: TREr sxc sc 46EFuRL
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Calculate Purchases of New Trucks

23) Calculate index of average annual VMT per truck

where:
VMTTREND = Index of average annual VMT per truck, where 1992 = |

BSHRV = Exogenously determined VMT per vehicle increase factor representing minimum annual
vehicle mileage -
ESHRV = Exogenously determined VMT per vehicle increase factor representing maximum annual

vehicle mileage
CONSV = Exogenously determined exponential VMT per vehicle increase factor
COEFV = Exogenously determined exponential VMT per vehicle increase factor

24) Calculate VMT per truck in each year

[y
o <

where:

ANNVMT = Average annual VMT per vehicle by sector, size class, truck age and fuel type
ANNVMTBASE = Base year average annual VMT per vehicle by sector, size class, truck age and fuel type

25) Determme the VMT whlch can be provided by the current populat10n of trucks in each sector:

- ’ Coe s 47 % .n L ¥ SRR :
VMTOLI%'M =:’.'::E' Z E E TREKSTK ;. 0. m,«carmnr ANNWT&C ‘.Aas,r-mzz {B-201)
. T ey Fusz.-zx AGE=y1SC=i S el

where:
VMT which can be provided by existing stock of trucks in each sector, after scrappage

VMTOLD
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26) Calculate the current year FAC as follows:

COEFFAC =1n

| (B-202)

FACTR

. seC AFFACBASESEC

COEFFAC:.{TS0:<T)

where:
COEFFAC = FAC decay parameter

T90 = User-specified year by which 90% of FAC decay is experienced
T50 = .User-specified year by which 50% of FAC decay is experienced
FACTR = “Freight Adjustment Coefficient™ factor relating growth in value added of sector SEC to
growth in demand for freight truck VMT
FACBASE = Base year Freight Adjustment Coefficient

27) Calculate the actual VMT demand in each sector:

(8-203)

PMIDMD, o = - VMT. DMD. _

where:
VMTDMD = Demand for freight travel by sector SEC, in year T-
VMTDMDBASE = Demand for freight travel by sector SEC, in year 0
FACTR = "Freight Adjustment Coefficient”: exogenously determined factor relating growth in value

added of sector SEC to growth in demand for freight truck VMT -

28) Calculate perceived VMT growth:

OUTPUT, .. . ) OUTPUTT_xm
PVMTGROWTH, ;o = 0.5 + | o TEE. 11§ 405" | _T-LEEC _ (B-204)
: OUTPUT, ; g OUTPUT, easzC
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where:
PVMTGROWTH = Growth rate with which perceived demand for freight travel in year T is forecast by freight

companies

29) Calculate perceived baselineVMT demand:

o ' (B-205)

where:
PVMTBASE = Baseline from which perceived demand for freight travel in year T is calculated.
30) Calculate perceived VMT demand:
_ P Uo7 (B-208)
. VMIDMD, gy = 8:25 )+ FACTR,,

where:
PVMTBASE = Baseline from which perceived demand for freight travel in year T is forecast by freight
companies
PVMTDMD = Perceived demand for freight travel in year T

31) Calculate perceived unmet VMT demand, which is provided by purchasing new trucks:

PVMTUNMET, g = PYMTDMT; o = VMTOLDp gpc (B-207)

where:
PVMTUNMET = Difference between perceived VMT demand and demand which can be met by existing stock

of trucks
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32) Allocate unmet VMT demand among size classes and fleet types by means of constant size

class and fleet type allocation factors.

PYMI; ot e, aren MAX[PVMI‘UNMET i L LTS )0
. _3.'?5":” Em R (B-208)
PYMT, = MAX| PYMTUNMET; L

T.SEC.5C FLT =2

where:
PVMT = Perceived demand for freight travel by new trucks of size class SC and fleet type FLT in sector
SEC
VMTSCFAC = Exogenously determined parameter representing percentage of new truck sales which go to
- each size class SC in sector SEC
FLTSHR = Exogenous parameter representing percentage of new truck sales of each size class SC which

go to fleets of ten or more in sector SEC

33) Calculate a fuel technology-weighted average annual VMT per vehicle of the current year’s

class of new fleet and non-fleet trucks: .

PVNp srescrr.™ Z ESHRp. opoes Sk . 3@:;0';,;[,55 {B-208}
. ) FUBL=1 " "7 .. 4 ool _
where:
AGE = 0 refers to new trucks
PVN = Annual VMT per vehicle for new trucks in year T

34) Truck purchases are finally calculated as the perceived unmet VMT demand divided by VMT
per truck. weighted by fuel type:

PYMT, AT
T, SEC SC E. T
TRHTKT SEC,.SC,AGE=0 FUEL.FLT .PW R & FSHRT SEC,S’C FUEL FLT
T, SEC SC RT o

{B-210)
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Calculate Fuel Consumption

35) Allocate actual VMT demand among truck types:

T R ' . e : 2 ;‘I!VZ'MD:J;U. )
“rsarcise dag,roer e ANNVME: epciscane s =

{B-211)

AIDUD: e |-

where:
VMT = Actual VMT by trucks of each type in year T

36) Reduce the light-duty vehicle degradation calculated in FEM to reflect the higher percentage
of highway miles driven by freight trucks:

where:
MPGDEGFAC,,y = Fuel economy degradation factor, from LDV Module
MPGDEGFAC = Fuel economy degradation factor for freight trucks
URBANSHR = % of miles driven in urban areas by trucks of each size class in base year (1992)

URBSHRLDV = % of miles driven in urban areas by LDVs in base year (1992)

37) Calculate fuel consumption, in gallons of gasoline equivalent:

VMT, r,ssc,ﬁ;xéé,ébéi’fhr I (B:213)
v
- MPGDEGFAC, 5 -

F UELr.ssc,sc,ﬁéfziwgi',ﬂrf?:'_ MPG. ‘
A T,SEC,SC,AGE ,FUEL.

where: *
FUEL = Total freight truck fuel consumption by sector, size class and fuel type in year T, in gallons of

gasoline equivalent
MPGDEGFAC;¢. = Fuel economy degredation factor, overwritten in the code by 0.99.
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38) Converting from gasoline equivalent to trillion Btu:

TRIL E FUEL o HTMTE 107, (B-214)

T,SEC,SC.FUEL,FLT = e 7, SEC SC AGE FUEL FLT :

where:
TRIL = Total fleet truck fuel consumption by sector, size class and fuel type in year 7, in trillion Btu

-

Roll Truck Population and Fuel Economy

39) Calculate new fuel economies of trucks which are ten years old or older:

,

' LT AGE=10SEC;
MPGyr,y sc.s68-10, FUEL Tz

@)

E ' SEC,SCAGE;FUEL.ELT. .
. FLT=1'AGE L

where:
AGE = 10 refers to trucks in the tenth vintage, i.e., trucks which are ten years old during model run

year ¢

11 refers to trucks in the eleventh vintage, i.e., trucks which are eleven years old or older
during model run year ¢

T+] = refers to the next model run year

AGE

40) Collapse the last two vintages of trucks into one:

TRESTX; src sc.4GE 10 FUEL FIT TWKJ‘ SEC5C, Assxz rorzr * TRKSTK T.SEC, 8C.4GE=13,FUEL, FLT (B-2186)

RAIL FREIGHT MODEL Subroutine TRAIL

1) Calcutate ton-miles traveled for rail. by industry:

RTMT,; = RTMT;; ~FAC, \opr * {B-217)
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~

where:
RTMT = Rail ton-miles traveled, by industry /
MODE = Index of freight mode: truck, rail, marine
TSIC = Value of industrial output, by industry
I=Index of NEMS industrial category

FAC = Freight adjustment coefficient, by industry and mode

2) Sum across industries:

RTMTT = Total rail ton-miles traveled

3) Estimate energy consumption by rail:

where:
TQRAILT = Total energy demand by rail
FERAIL = Rail efficiency coefficient, in Btu/ton-mile

4) Increment rail demand for specific fuels:

TQMH’.T = TORAIL, .., °

where:
TQRAIL = Rail demand, by fuel /F
IF = Index of fuel type

5) Divide into regions:

.. 5 TQRAILT, = FERAIL, -

TORALLT,|
TQRAILT, , |-

TQRAILR. . = TORAIL . * -SEDSHRIFJE,T

Energy Information Administration
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+{B-220)

{B-221)
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where:
TQRAILR = Regional demand by fuel type
SEDSHR = Regional shares of fuel demand, from SEDS

IR = Index of census region (1-9)

6) Calculate fractional change in rail travel and fuel efficiency: -

L (8-222)
XRAILEFF,
where:
XRAIL = Growth in rail travel from base year
XRAILEFF = Growth in rail efficiency from base year
WATERBORNE FREIGHT MODEL ' Subroutine TSHIP
1) Calcutate ton-miles traveled for domestic shipping, by industry:
e "_i‘SZCI;:I;’:
STMT,, ] T (B-223)
where:
STMT = Ship ton-miles traveled, by industry J
2) Sum across industries:
10 '
STMTT, = ), STMT}, , (B-224)

I=3

where:
STMTT = Total ship ton-miles traveled

- Energy Information Administration
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{B-225)

where: .
SFDT = Total energy demand by.ship -
FESHIP.= Ship efficiency coefficient, in Btw/ton-mile
SFDBENCH = Benchmark factor to ensure congruence with 1990 data

{B-225)

where:
' SFD = Domestic ship energy demand, by fuel /F
SFSHARE = Constant allocation share for domestic shipping, by fuel
5) Divide into regions:
La T (Be227)
where:
TQSHIPR = Regional ship demand by fuel type
SEDSHR = Regional shares of fuel demand, from SEDS
6) Calculate international shipping fuel demand:
ISFD - (B-228)
where
ISFDT = Total international shipping fuel demand
GROSST = Value of gross trade (imports ~ exports)
7) Allocate among the considered fuels:
Energy Information Administration B-71
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where:
ISFD = International ship energy demand, by fuel IF
ISFSAHRE = Constant allocation share for international shipping, by fuel

8) Divide into regions:

7 (B230)

where:
TQISHIPR = Regional international shipping demand by fuel type

9) Calculate fractional change in domestic ship travel and fuel efficiency:

(B:231)

where:
XSHIP = Growth in ship travel from base year
XSHIPEFF = Growth in ship efficiency from base year
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AIR TRAVEL MODULE

AIR TRAVEL DEMAND MODEL Subroutine TAIRT

1) Calculate the cost of flying:
. HIELD, =973 + T94TPIFIR, | o : {B-232)
where: )

YIELD = Cost of air travel, expressed in cents per RPM
TPJFTR = Price of jet fuel, in dollars per million Btu

2) Calculate the revenue passenger-miles per capita for each type of travel:

a) For business travel:

o TMC_GDP.. \ '° )
RPMBPC,. = 89.70 + 029 .~:16.04 YIELD {B-233)
b) For personal travel:
I THC_YD- TR
RPMPPC, = ~481.34 + .083 : 1888 YIELD, - {B-234)
. TMC_POPAFO._
c¢) For international travel:
RPMIPC,. = PCTINT, - (RPMBPC, + RFMPPC) {B-235)

where:

RPMBPC = Per capita revenue passenger miles for business travel

RPMPPC = Per capita revenue passenger miles for personal travel
RPMIPC = Per capita revenue passenger miles for international travel

TMC_GDP = Gross domestic product. from MACRO module
TMC_YD = Disposable perscnal income, from MACRO module
TMC_POPAFO = Total domestic popuiation, from MACRO module

PCTINT = Proportionality factor relating international to domestic travel levels

Energy Information Administration
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3) Calculate the revenue ton-miles (RTM) of air freight:
RTM, = (14,556 + 19.81 TMC_EXD&92£...+ 349 WC_GDPI} - DFRT,
where:

TMC_EXDN92 = Value of merchandise exports, from MACRO module
DFRT = Fraction of freight ton-miles transported by dedicated carriers

4) Calculate total revenue passenger-miles flown for each category of travel:

a)  For business travel:

. RPMB, = RPMBPC, * THC POPAFD,~

*

b)  For personal travel:

RPMP_ = RPMPPC, - TMC.POPAFO, > DI, _

c) For international travel:

RPMI_ = RPMIPC.. + TMC_POPAFO,,

where:
RPMB = Revenue passenger miles for business travel

RPMP = Revenue passenger miles for personal travel
RPMI = Revenue passenger miles for international travel
DI = Demographic adjustment index, reflecting the public's propensity to fly

3) Calculate total domestic air travel:

RPMD, = RPMB, + REMP;

where:
RPMD = Total domestic air wavel

6) Calculate the total demand for available seat-miles:

RPMD., RPMI_. *
ASMDEMD = -

———T___| + {RTM, - EQSM)
LFDOM, 2 = LFINTER,

_ Energy Information Administration
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where:
ASMDEMD = Total demand for available seat-miles
LFDOM = Load factor for domestic travel
LFINTER = Load factor for international travel
EQSM = Equivalent seat-miles conversion factor; used to transform freight RTM's

AIRCRAFT FLEET EFFICIENCY MODEL Subroutine TAIREFF

1) Calculate avaﬂable seat-mﬂes per plare, by alrcraﬁ tvpe

-ASMP -—-»AIRHRS o AVSPD

(B-242)

where:
ASMP = The available seat-miles per plane, by type.
AIRHRS = The average number of airborne hours per aircraft.
AVSPD = The average flight speed.
SEAT = The average number of seats per aircraft.
IT = Index of aircraft type: 1= narrow body, 2 = wide body

2) Calculale frac’uon of seat-mlle demand accomodated by nanow-body aucraﬁ

.:'bézrg' >0

. {B-243)

ASMDEMD Pooowaeas A0
= ”“”"] {1 +DELTA)} ;:DELTA<0" ..
- SMDEMD,.;". | Rt

where:
SMFRACN = Fraction of seat-mile demand on narrow-body planes
ASMDEMD = Demand for available sear-miles, by aircraft type
DELTA = User-specified rate of passenger shifts between aircraft types

3) Calculate current seat-mlles demanded by azrcrafc type

ASMDEMD = SMDEMD  * SMFRACN

IT=\,T )
and (B-244)

.ASDEMD reaz = SMDEMD * {107~ SMERACN,.)
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4) Calculate survival rates of aircraft:
SURVPCT,pr = [1 + EXP (SURVK = (T50 —IVINT)) |?
and |
CoaEe {B-245)
SURVPCT e
SURVPCT pyper s

SSURVPCT e =

where:
SURVPCT = Survival rate of planes of a given vintage /VINT
SSURVPCT = Marginal survival rate of planes of a given vintage
IVINT = Index of aircraft vintage
SURVK = User-specified proportionality constant
TS50 = User-specified vintage at which stock survival is 50%

5) Calculate surviving seat-miles from previous year:

SMSURV .y, = 2_2 NPCHSE i 7y * SSUR If';fiC?.‘mr = ASMP, ., (B-246)
where:
SMSURYV = Surviving available seat-miles, by aircraft type
NPCHSE = Surviving aircraft stock, by vintage and aircraft type

6) Calculate new aircraft purchases:

ASMDEMD ;, ~ SMSURV,, |
NPCHSE p pypipesr = ——L
’ CC LT

(B-247)

7) Adjust array of aircraft stocks by vintage:

NPCHSE gz = NPCHSE g ppr i 5o * SSURVPCTpy 3 IVINIT =2-60 (B-248)

8) Calculate aircraft stock across vintages:

60
NSURV . = m%;_l NPCHSE;; pypur s (B-249)
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where:

o oo mTmETTE T —— o = S S —E————- = iy S = s

NSURYV = Number of surviving aircraft, by type

9 Calculate fracuon of current yea: stock which is old (IVINT > 1)

where:

- (NSURVM - NPCHSEH SmTeis)

NSURVW -

STK OLD mr {B-25Q)_

STKOLI? = Fraction of planes older than one year, by aircrait type

10) Calculate effect of technology improvements:

a) Calculate tlme effect

TIMEFXIFXT = TIMEFXIFXI . *+ {TIMECONST = TPN, * TYRN, )} (B-251)

where:
TIMEFX =

IFX=
TIMECONST =
TPN=

TYRN =

Factor reflecting the length of time an aircraft technology improvement has been commercially
viable

Index of technology improvements (1-6)

User-specified scaling constant, reflecting the importance of the passage of time

Binary variable (0,1) which tests whether current fuel price exceeds the considered techology’s
trigger price

Binary variable which tests whether current year exceeds the considered technology's year of

introduction

b) Calculate the cost effect:

COSTFX,,, = 10 = { TPIFGAL, ~ TR GPR]CE‘”) « PN + TYRN,, * TPZ (B-252)
LT TPJIFGAL, SN s
where:
COSTFX = Factor reflecting the magnitude of the difference between the price of jet fuel and the trigger price
of the considered technology '
TPJFGAL = Price of jet fuel

TRIGPRICE = Price of jet fuel above which the considered technology is assumed to be commercially viable

TPZ = Binary variable which tests whether impiementation of the considered technology is dependent on

fuel price
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c) Calculate the total effect:

T. OTALFXM'T = TIMEFX .\ p + COSTFXIH,’T - BASECONST {B-253)

where:
TOTALFX = Overall effect of fuel price and time on implementation of technology /FX
BASECONST = Baseline constant, used to anchor the technology penetration curve

d) Calculate the penetration of new technologies:

TECHFRAC ey = [ 1 +;EXP"(;r0r§LFX;FXJ)]", (B254)

where:
TECHFRAC = Fration of new aircraft purchases which incorporate a given technology

,

11) Calculate fractional fuel efficiency improvement for new aircratt, by type:

. o

FRACIMP,, , = 1.0 + EFFIMP 5, * (.r;qug%g&i,;,ﬁ_;--irEtHg@gfﬁ:;’,'): S

et :
L+ Y EFFIMP., » TECHFRAC,,
S T . it

. . LR . (B-255)
FRACIMP ., = 1.0 + Y, EFFIMP;  + TECHFRAC ey * 3 IFX # 2
FX=t L
where:
FRACDMP = Fractional improvement over base year (1990) fuel efficiency, by type
EFFIMP = Fractional improvement associated with a given technology
12) Ensure that technical improvements provide at least as much efficiency gain as average
growth in remainder of air fleet:
NEWSMPG,.; = MAX [(FRACIMP, * SMPG 1)) » -
(B-256)

(1.6 «P_) *» SMPGIT,T-1 = 1.05
T )

where:
NEWSMPG = Average seat-miles per gallon of new aircraft purchases
SMPG = Surviving fleet average seat-miles per gallon, by aircraft type
RHO = Average historic rate of growth of fuel efficiency
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13) Calculate average fuel economy of aircraft fleet, by type:

i

fi STKOLD,, (4% srxoLp mf -
SMPG AR : +; - (B-257)
. 1 f;-‘_zwo 5 (SMPGITT }) . NEWSMPGI”
14) Calculate average fuel economy of mrcraﬁ ﬂeet
SMFRACNT -
2] Rl i (B-258)
smvc;”_1 r
‘where: .
" SMPGT = Overall fleet average seat-miles per gallon
15) Calculate demand for jet fuel, incrementing by 5% to reflect consumption by private
aircraft: '
{. sMDEMD, | S
it i ) .. {B-259)
SMPGT,.. -
where: -
JFGAL = Cdnsumption of jet fuel, in gallons
16) Calculate demand for aviation gasoline:
AGD = -BASEAGD + GAMMA « EXP |- KAPPA e (I}’EAR - 1979)] (B-260)
where: -

AGD = Demand for aviation gasoline, in gallons
BASEAGD = Baseline demand for aviation gasoline
GAMMA = Baseline adjustment factor
KAPPA = Exogenously-specified decay constant
IYEAR = Current year
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17) Convert from gallons to Btu:

5.670 MMBm/bﬁz)

JI;'BTU = JFGAL .
T sz gaumnl

d ERE (321)

5:048 MMBrulbbl )

AGDBTU, AGD *
( T A2 gal/bbl

where:
JFBTU = Jet fuel demand, in Btu
AGDBTU = Aviation gasoline demand, in Btu

18) Regionalize demand:

QJETRy, = JEBIU. -

" and (B-262)

QAGR,,, = QAGDEIU;

where:
QJETR = Regional demand for jet fuel
QAGR = Regional demand for aviation gasoline
SEDSHR = Regional shares of fuel demand, from SEDS

19) Calculate fractional changes in air travel and aucraft eﬁic1ency

: SMDEMD e
XAIR, * e
1-5M9$M97=z o

: aﬁa;ﬁ"{f' s . (B-263)
SMPGT,

SMPGTT_*

XAIREFF

where:
XAIR = Fractional change in air travel from base year
NAIREFF = Fractional change in aircraft fuel efficiency from base year
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MISCELLANEOUS TRANSPORTATION ENERGY DEMAND MODULE

MILITARY DEMAND MODEL

Calculate military energy use:

1) Calculate growth in mlhtary budget:
L THC_GRMLS7,: "

I MILTARGR, =

where:
MILTARGR = Fractional growth of military budget
TMC_GRML387 = Military budget, from MACRO module

2) Calculate fuel demand:

IF,T

where:
MFD = Demand for fuel by military
IF =Index of fuel type

3) Regionalize demand:

OMILTR,; ;oo = MFD, . * MILTRSER nr

where: .
QMILTR = Regional military demand for fuel
MILTRSHR = Regional shares of military demand for fuel

Energy information Administration
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(B-264)
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MASS TRANSIT DEMAND MODEL Subroutine TMISC
Calculate mass-transit consumption:

1) Calculate passenger-miles by mode:
T™MOD,,., 7= VMTEET*TMOADWL“:}

and:

(B-267)

TMOD,,, = TMODMS._I * &

where:
TMOD = Passenger-miles traveled, by mode
VMTEE = LDV vehicle-miles traveled, from the VMT module
TMLOADS9 = Average passengers per vehicle, by mode (1=LDV's)
BETAMS = Coefficient of proportionality, relating mass transit to LDV travel
IM = Index of transportation mode: 1 =LDV's, 2-4 = Buses, 5-7 = Rail

2) Calculate mass transit efficiencies, in Btu per passenger-mile:

o fepype s
TMEFF89,, *1 M Cripgy
1.} FMPG8Y, ., {B-268)

TMLGAD:SQ

TMEFFL,,, =

where:
TMEFFL = Btu per passenger-mile, by mass transit mode
TMEFF89 = Base-year Btu per vehicle-mile, by mode
FMPG = Fuel efficiency, by vehicle type, from the Freight Module
FMPG89 = Base-year fuel efficiency, by vehicle type, from the Freight Module
TYPE = Vehicle type, from the Freight Module: 1 = Mid-size trucks, 2 = Rail

3) Calculate fuel consumption by mode:

TMFD,,,, = TMOD,, * TMEFFL,, {B-268)
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where: )
TMFD = Total mass-transit fuel consumption by mode

4) Regionalize consumption:

{B-270)
where: -
"QMODR = Regional consumption of fuei, by mode
TMC_POPAFO = Regional population forecasts, from the Macro Module
RECREATiONAL BOATING DEMAND MODEL Subroutine TMISC

Calculate recreational boat fuel use:

1) Calculate fuel demand:

peE L TMC_YDI; A e
RECFD,, = RECFDy | * lmmmioee L (B2Th)
. et TMC YD, | RS

where:
RECFD = National recreational boat gasoline consumption in year T
TMC_YD = Total disposable personal income, from the Macro Module
BETAREC = Coefficient of proportionality relating income to fuel demand for boats

2) Regionalize consumption according to population:

 TMC_POPAFO; .

- onECRy = RBCED,

M L {B-272)
Y TMC_POPAFO,;. :
R=1 -
where:
QRECR = Regional fuel consumption by recreational boats inyear T
Energy Information Administration on
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LUBRICANT DEMAND MODEL Subroutine TMISC
Calculate lubricant demand:

1) Sum freight truck VMT across size classes:

iB-Z? 3}

Ci3 ey
FIVMI; = 3, FYMISCg.
. iSC=F - ST
where:
FTVMT = Total freight truck VMT
FVMTSC = Freight truck VMT, by size class
2) Calculate total highway travel:
HYWAY, = VMTEE, -+ ETVMT;. ¥ ELTVMT, = - (B-274)
where:
HYWAY = Total highway VMT
FLTVMT = Total fleet vehicle VMT, from the Fleet Module
3) Calculate lubricant demand:
LUBFD_ = LUBFD, ;+ (B-275)
where:
LUBFD = Total demand for lubricants in year T
BETALUB = Constant of proportionality, relating highway travel to lubricant demand
4) Regionalize lubricant demand:
« FLTVMT;) » SEDSHR e FIVMT . ,S"E\;J.SHR.
QLUBRIRJ- — LUBFDT * ((mmr FL. T) ll"ﬂlf) { ¥ ~' E-‘JR.J'} (8-276)

HYWAY;

where:
QLUBR = Regional demand for lubricants in year T, in Btu
SEDSHR = Regional share of fuel consumption, from SEDS
IF = Index of fuel type: gasoline for light-duty vehicles, diesel for freight trucks
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VEHICLE EMISSIONS MODULE

VEHICLE EMISSIONS MODULE Subroutine TEMISS

This subroutine calculates the emissions of six airborne pollutants, at every conceivable level of

aggregation. A single, representative equation is provided.

1) Calculate disaggregate emissions of airborne pollutants:

where:

EMISS. .-

Ensrr — BFACT,

IEJMJR;T:'*E_’.QI}{JR,T : {B-277)

EMISS = Regional emissions of a given polluiant, by mode of travel
EFACT = Emissions factor relating measures of travei to pollutant emissions
U = Measure of travel demand, by mode: units in VMT for highway travel, gallons of fuei
consumption for other modes
IM = Index of travel mode: references individual vehicle types used in the preceding modules. and
may be further subdivided by size class, vehicle technology, and vehicle type
{E = Index of pollutants: 1=50,,2=NO_,3=C,4=C0,, 5=C0,6=VOC
IR = Index identifying census region
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Appendix D. Model Abstract

Model Name:
Transportation Sector Model

Model Acronym:
TRAN

Description:
The. Transportation Sector Model incorporates an mtegrated modular design which is based upon

conom1c engineering, and demographic relationships that model transportation sector energy
consumptlon at the nine Census Division level of detail. The Transportation Sector Model
compnses the following components: nght Duty Vehicles, Light Duty Fleet Vehicles, Freight
Transport (truck, rail, and marine), Aircraft, Miscellaneous Transport (military, mass transit, and
recreational boats), and Transportation Emissions. The model provides sales estimates of 2
conventional and 14 alternative-fuel light duty vehicles, and consumption estimates of 12 main fuels.

Purpose of the Model:

As a component of the National Energy Modehng System integrated forecasting tool, the
* transportation model generates mid-term forecasts of transportation sector-energy consumption. The
transportation model facilitates policy ana1y31s of energy markets, technological development,
environmental issues, and regulatory development as they impact transportation sector energy

COIISUIIlptIOD.

Most Recent Mode_.l Updat'e:.
October, 1997.

Part of Another Model?

National Energy Modeling system (NEMS).

Model Interfaces:
Receives inputs from the Electricity Market Module, Oil and Gas Market Module, Renewable Fuels

‘Module, and the Macroeconomic Activity Module.
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_ Official Model Representative:
David Chien o

Energy Information Administration

Office of Integrated Analysis and Forecasting
Energy Demand and Integration Division
Energy Demand Analysis Branch

1000 Iﬂdependence Avenue, SW

EI-813, Room 2F-094

Washington, DC 20585

Telephone: (202) 586-3994

Documentation: R T
Model Documentation Report: Iransportation §egtgr Mgd of the National Energy Modeling
System, October, 1997.

Archive Media and Installation Manual(s):
The model will be archived on IBM tape compatible with the IBM RS6000 mainframe system upon
completion of the NEMS production runs to generate the Annual Energy Outlook 1998.

Energy System Described:

Domestic transportation sector energy consumption.

Coverage:

= Geographic: Nine Census Divisions: New England, Mid Atlantic, East North Central, West
North Central, South Atlantic, East South Central, West South Central, Mountain, Pacific.
Time Unit/Frequency: Annual, 1990 through 2010.
Products: Motor gasoline, aviation gasoline, diesel/distillate, residual oil, electricity, jet fuel,
LPG, CNG, methanol, ethanol, hydrogen, lubricants.

u Economic Sectors: Forecasts are produced for personal travel, freight trucks, railroads,
domestic and international marine, aviation, mass transit, and military use.

Model Interfaces:
Model outputs are provided to the Integrating Module, which then sends them back to the supply

modules.
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Model Structure:

L1ght-duty vehicles are classified according to the six EPA size classes for cars and light trucks.
Freight trucks are divided into light-duty, medium-duty and heavy-duty size classes. The air
transport module contains both wide- and narrow-body aircraft. Rail transportation is composed of
freight rail and three modes of personal rail travel: commuter, intercity and transit. Shipping is
divided into domestic 'and‘ international categories. . '

Speclal Feautres: (

The Transportatlon Sector Model has been created to allow the user to change various exogenous
and endogenous input levels. The range of policy issues that the transportation model can evaluate
are: fuel taxes and subsidies; fuel economy levels by size class; CAFE levels; vehicle pricing
policies by size class; demand for vehicle performance within size classes; fleet vehicle sales by
technology type; altemauve-ﬁlel vehicle sales shares; the Energy Policy. Act; Low Emission Vehicle
Program; VMT reduction; and greenhouse gas emissions levels.

Modeling Techmques

- The, modeling technique$ employed in the Transportation Sector Model vary by module:
econometrics for passenger travel, aviation, and new vehicle market shares; exogenous engineering
and judgemenf for MPG, aircraft efficiency, and various freight characteristics; and structural for
light-duty vehicle and aircraft capital stock estimations.

Computing Environment:

n Hardware Used: " IBM RS6000

n Operaﬁng System: ATX Version 4.2.1

| Language/Software Used: XL FORTRAN90, Ver 4.0
| Memory Requirement: 9,500K

n Storage Requirement: _ 35,000 K

u Estimated Run Time: 15 Seconds

= Special Features: None.

Independent Expert Reviews Conducted:
Independent Expert Review of Transportation Sector Component Design Report, June, 1992,
_ conducted by David L. Greene, Oak Ridge National Laboratory. '
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Status of Evaluation Efforts by Sponsor

None.

DOE Input Sources:

u State Energy Data System (SEDS), 1991, May 1993.

= Residential Transportation Energy Consumption Survey (RTECS), 1991, December 1993

= U.S. Department of Energy, Office of Policy, Planning and Analysis, "Assessment of Costs -
and Benefits of Flexible and Alternative Fuel Use in the U.S. Transportation Sector",
Technical Report Ten: Alternative Fuel Requirements, 1992.

Non-DOE Input Sources:

National Energy Accounts -

u Federal Highway Administration, nghway Statistics, 1991, 1992

n Department of Transportation Air Travel Statistics

n Air Transport Association of America, 1990 Air Travel Survey

= Oak Ridge National Laboratory, Energy Data Book: 13, March 1993.

n Oak Ridge National Laboratory, Light-Duty Vehicle MPG and Market Report: Model Year
1992, February, 1992.

Oak Ridge National Laboratory, F leet Vehicles in the U.S., 1992.

| Federal Aviation Adm1mstrat10n, FAA Aviation F orecasts: Fiscal Years 1993-2004,
February 1993. N
Department of Commerce, Bureau of the Census, Truck Inventory and Use Survey, 1987.
California Air Resources Board, Proposed Regulations for Low-Emission Vehicles and
Clean Fuels, Staff Report, August 13, 1990. ' ‘

u Bunch, David S., Mark Bradley, Thomas F. Golob, Ryuichi Kitamura, Gareth P. Occhiuzzo,
"Demand for Clean-Fuel Personal Vehicles in California: A Discrete-Choice Stated
Preference Survey", presented at the Conference on Transportation and Global Climate
Change: Long Run Options, Asilomar Conferex;ce Center, Pacific Grove, California, August
26, 1991. )
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Table E-1.
Table E-2.
Table E-3.
Table E-4:
Table E-5:

Appendix E. Data Quality and Estimation

LIST OF TABLES

Regression Results From The Market Share Model ........................
Alternative Fuel Vehicle Model Coefficients ..................... JU
Model of VMT per Capita. . oo e vt iiiiee it iieeiiiieeeinnanenns
Measures of Aviation ACHVIEY ... ....ouenrnireininioeaeeanann.s

‘Measures of Economic Activity ........... [

Energy information Administration
NEMS Transportation Demand Model Documentation Report -




Append'ix E. Data Quality and Estimation

This appendix presents results of the statistical tests conducted for those componenents of the
transportation model which rely on econometric estimations. These components include: The Fuel
Economy Model, the Alternative Fuel Vehicle Model, the Vehicle-Miles Traveled Model, and the
Air Travel Demand Model. To date, no data quality studies have been conducted in order to

validitate the transportation model's input data.

Fuel Economy Model

The methodology employed to assess the influence of macroeconomic and time-dependent variables
on the mix of size classes and performance was log-linear regression analysis using historical data
on car and light truck sales over the 1979-1990 period. Greater detail is provided in Attachment 1
of Appendix F.

The following equations were used to estimate the class market shares of new vehicle purchases:
All Vehicle Classes Except Luxury Cars:! S
CLASSSSHARE, | - o | _ CrLassssHARE, —A*in{ YEAR )
1 -~ CLASSSSHARE, 1 - CLASSSSHARE | ..~ -
YEAR - I - 1590

o - C Fo e {E-1)
5 w1 | FUEECOSTrw Y-, | WCOME,,, - 13,000
+ . ———————— +
FUELCOST 54, INCOME,,,, - $13,000

where: .
CLASSSSHARE; = The market share of the i*® vehicle class

FUELCOST = The price of gasoline
INCOME = Per capita disposable income

Note: Marker shares for Mini and Sub-Compact cars are solved jointly. The resulting combined market share is allocated
berween the two classes based on the original 1990 ailocation. Special reatment of these two classes was made necessary by the

smail sample size in the analysis data sets.
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Luscury Cars:

CLASSSSHARE, . CLASSSSHARE,
1~ CLASSSSHARE,| ‘1 =i CLASSSSHAREJ: -

+ B * in{-————-—-———-———-

The values of the coefficients with their associated T-statistics are provided below in Table E-1.

-

Table E-1. Regressmn Results From The Market Share Model

' FUELCOST |  INCOME

Mini and Subcompact 14359 0.891 -5.428 ((1):3?1’,) (11.53;8) (:?:;gg;
Sports 11.193 0.808 -2.475 (:?:ggg) (%g) (%(?98)

Compact 5.533 0.76 -5.021 (g:i i;) (1 1'.33352) (z;g;

Intermediate 3.084 0.536 -1.01 (:(1):22) (0323153) '(?:g?;;i
Large 16.880 0.864 3312 (ﬁ:;;i) 8 607472) ((2):(2,? ,ln
Luxury 18.458 0.939 3.1 (g:;gg) (;:‘1/(6)2‘; ((1):};3?)
Mini Truck 1.378 0.341 2.268 Ef)_'loslsi (’16‘;? (:g:gg%
Compact Pickup 19.183 0.916 -8.749 (:‘;:ggg) ('f)l'ilsl) (?:_Z‘;)
Compact Van 804.167 0.998 9.3 (g.g:ln (?232% ((3):(3,2;
Compact Utility 274.104 0.994 -7.36 (:(1):23'3) (_'.g';& (g:ggg)
Standard Size Trucks 1.582 0475 | 2779 (:?:ggg) (0 ’3205.,2) 2 ;44;
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Alternative Fuel Vehicle Model

The AFV model uses a multinomial nested logit approach to estimate market shares of sixteen
vehicle technologies. Model coefficients are taken from a study sponsored by the California Energy

Commission, using a stated preference survey of California residents. The applicability of this study
to a nationwide model has not been tested. Market shares are based on the exponentiated value of

the consumer utility function, represented as follows:

LY

"':coivsr + Bl Vpxz,m;, + {32 copco szm

where:
VCI1 = Utility vector for conventional and alternative vehicles

CONST = Constant associated with each considered technology /7’
VPRI = Price of each considered technology in 19903
VRANGE = Vehicle range of the considered technology
EMISS = Emissions levels relative to gasoline ICE's
FAVAIL = Relative availability of the considered fuel

{E-3)

Model coefficients and relevant T-statistics are provided in Table E-2, on the following page. An
extensive description of the data base development process is provided as an attachment in Appendix

E.
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Table E-2. Alternative Fuel Vehicle Model Coefficients

VARIABLE ] . COEFFICIENT'
VPRI o -.134 10.1
COPCOST ' j -.190 16.4
VRANGE R 2.52 11.4
VRANGE? s i -.408 7.4
EMISS - 245 7.0
EMISS? : ' IF 0.855 27
FAVAIL L 2.96 57
FAVAR? : SRR | .1.63 3.5
CONST ('I‘echnology-Speciﬁé, as’Follows} .-~ )
Gasoline ~ . o : 0.0 —
Diesel S 0.0 —
Ethanot Flex C 0.693 6.7
Fthanol Neat o 0.0979 0.9
Methanol Flex I 0693 6.7
Methanol Neat L 0.0979 0.9
Electric | -.0240 0.1
Electric Hybrid/Large ICE -257 1.5
Electric Hybrid/Small ICE -.257 1.5
Electric Hybrid/Turbine -257 L5
CNG 0.0979 _ 0.9
LPG 0.0979 0.9
Turbine/Gasoline 0.0 —
Turbine/CNG - 0.0979 0.9
Fuel Cell/Methanol 0.0979 0.9
Fuel Cel/Hydrogen 0.0979 0.9
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Vehicle-Miles Traveled Model

Vehicle-miles traveled is estimated on a per capita basis using a generalized difference equation,

estimated using the Cochrane-Orcutt iterative procedure:

VMIPC, =.p TMIPC,., +4.52(1-p) - .50 (CCPML =

{(E-)

where:
CPM = The cost of driving a mile
YPC = Disposable personal income per capita
PrFem = The ratio of per capita female driving to per capita male driving.

The parameters and relevant T-statistics are provided in Table E-3, below.

Table E-3. Model of VMT per Capita

CPM92 | YPCY2::i|:-PrFem..|:Adj-R-Sq

Parameter-- ] 0736 | 028 | -101 | 264e04 | 1805 0855
T-Statistic - 40 4.0 1.8
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Air Travel Demand Model

This report presents the results of a re-estimation of the four equations comprising the Air Travel
Demand Model. This model was originally estimated in 1992, using data from the years following
the deregulation of airlines. With the acquisition of five years of additional data (1991-1995), and
the revision of major macroeconomic variables, the parameters have been recalculated and are
presented, along with the supporting data, on the following pages.

Although various alternative specifications were tested with the updated data sets, three of the four
original equations provided results with the highest explanatory po{wer.2 The single equation which
has been altered is that representing average travel costs in the "yield" equation: the non-fuel
operating cost has been eliminated as an input due to its relatively static nature over the course of
time, and its subsequent lack of explanatory significance.

In all of the regressions, the Durbin-Watson statistic indicates that autocorrelation may be present.
but efforts to correct for this using a lagged-dependent variable approach have not provided

acceptable results. In conclusion, the suggested model specification represents a simple forecasting
tool which is sensitive to aircraft fuel prices and measures of economic activity. With a periodic
updating of data and the re-estimation of these equations, the level of confidence in this approach

should increase.

*For a description of the development of this model, see Appendix B, which reproduces the original report.
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Domestic Yield
1987 Cents per Revenue Passenger Mile
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& FAAData -e- Estimated
| YIELD = 973  + JT94PIF . O
SR 055 B ©3
’ -
PR 2 14.43 .
. AR =928 D-W = 143
Sources:

(1) PJF: U.S. Deparmment of Transportation, Research and Special Programs Administration (RSPA),
Fuel Cost And Consumption Tabies, annual summaries, 1979-1995.

2) YfELD: Quortient of Passenger Revenue and RPM. Passenger Revenue: U.S. Deparmen: of
Transportation, Research and Special Projects Administration (RSPA), Air Carrier Financial
Statistics Quarterly, December 1993/1992, and prior issues, lines 3, 12.
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Per Capita Travel Demand
Business Travel
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RPMBPC = 89.70 + .029 Gpﬁpcéz; "'—‘ 16.04.¥IELD
SE B SR 82 ©6)
ot 304 . -135
Adji.R? = 0.849 - D-W =145
SOUI’CESI

(H RPMBPC: Quotient of Business RPM and Population.
(2) GDPPC92: Gross Domestic Product per Capita, in 1992 dollars. From NEMS Macroeconomic

Module.
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Per Capita Travel Demand
Personal Travel
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Adj.R* = .96 ’ | D-W =148
SOUICBS',

(1) RPMPPC: Quotient of Personal RPM and Population.

(2) DPIPC92: Disposable Personal Income per Capita, in 1992 dollars. From NEMS Macroeconomic
Module.
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Freight Transport Demand
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RTM: U.S. Department of Transportation, Research and Special Projects Administration (RSPA),
Air Carrier Traffic Statistics Monthly, December 199071989, and prior issues. Lines 18-21, 46.

EXP92: Merchandise trade exports, in 1987 dollars, from NEMS Macroeconomic Module

(variable name: EXD&NB8T).

DFRT: Post-hoc freight adjustment factor, exogenously determined. Represents fraction of freight

transported by dedicated carriers.
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